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Dear readers! 

The foundation of any structure is most often invisible, it can’t be touched and its quality and durability can’t be correctly 
independently estimated. Therefore, while choosing a house the potential real estate buyer is often guided by obscure professional 
opinions of experts, personal pragmatic views and aesthetic feelings caused by the exterior and convenience of a possible place to 
live. In combination with dry and boring technical characteristics in such situation own subjective judgment of quite superficial 
details is often brighter, more important and determinative at decision-making. And meanwhile the foundation - a main basis 
- often stays out of our sight and preferences. Similarly, leaving the house every day we don’t ever look at the ground beneath our 
feet. . . We are a priori confident in the stability of the most important thing - the bearing platform, the support, the basis holding 
all the physical architecture of our existence. 

Intellectual priorities are built in system of the general outlook of a man similarly: fundamental knowledge as the most priority 
and significant, with the highest index of validity, is seen by the majority of people as excessively comprehensive, not interesting 
and not prestigious. At the same time, we are confident in this obscure knowledge most of all! Such naturally intuitive confidence 
of mankind in its achievements in physico-mathematical and chemical sciences is based on primordial nature of knowledge 
of the world around, all-round and incessant interaction of the person with material objects, and on the evolutionary status of 
the fundamental sciences predetermining rates and quality of the social progress in many ways. Probably, such situation isn’t 
absolutely logically and ideologically fair. But at the same time - it is quite organically built-in into the mental structure of modern 
mankind. The fundamental basis of activity of global society must evolutionarily become more and more stable, predetermine 
social progress and steadily inspire the mankind with confidence in the future - this is the most significant thing. 


Thomas Morgan 

Head of the I ASHE International Projects Department 

September 20, 2013 
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AH/jpeeBCKaa H.H., 
acnnpaHT, 

HeJIH6HHCKHH 

rocy^apCTBeHHbiH 

yHHBepCHTeT, 

POCCHJI 

YHaCTHHK KOH(J)epeHBHH, 
HaanoHajiBHoro nepBeHCTBa 
no HaynHon aHaanTHKe 


H3YHEHHE CTPYKTYPHOrO COCTABA 
(DOCOOPOCYPBMJIHOH KHCJIOTBI 

IJpuopumemHbiM HanpaenenueM e odnacmu uccnedoeanuu meepdbix 3JieKmpojiumoe h6jih- 
emcH noucx Mamepuanoe c npomonnou npoeoduMocmbw. Haudonbiueu npoeoduMocmbw npu 
cpaenumejibHO hu3kux meMnepamypax o6jiadawm neopaammecKue Kucjibie cojiu u aemepono- 
jiuKucjiomu. OdnuM U3 naudojiee nepcneKmuenux coedunenuu, na ocnoee Komopoao Moaym 
6bimb cosdcwbi npomoHHbie npoeodnuxu, mjmemcH nojiucypbMRHcm KpucmcuiJiimecKcm Kucuoma. 
Ee donupoeanue (poccpopoM MODtcem cnocodcmeoeamb yjiymuemno ceoucme nojiynaeMoao npo- 
moHHoao npoeodnuKd. 


B nocjie/jHHe aecjnruieTHfl c(j)opMH- 
pOBaJIOCB H aKTHBHO pa3BHBaeTC5I 
HanpaBjieHHe - (j)H3HKa h xhmhji TBep- 
RblX 3JieKTpOJIHTOB, CTOJIb 5KC Ba5KHOC B 

TeopeTHnecKOM h npaKTHHecKOM nnaHe, 
KaK CTaBinee KjiaccHnecKHMH (j)H3HKa 
MeTannoB, nojiynpOBO^HHKOB h ^H3JieK- 
TpHKOB. 

O/jhhm H3 npHopHTeTHBix HanpaBjie- 
HHH B o6jiaCTH HCCJie^OBaHHH TBep^BIX 
3JieKTpOJIHTOB HBJIflCTCfl iiohck MarepH- 
aJIOB C npOTOHHOH npOBO^HMOCTBIO, 3TO 
CBjmHO c nepcneKTHBaMH hx npaKTH- 
necKoro HcnojiB30BaHHfl, a TaK5Ke ho- 
bh3hoh nojiynaeMBix HaynHBix aaHHBix, 
xapaKTepH3yiomHx HeroBecTHBie paHee 
CBOHCTBa KpHCTaJIJIOB. 

Eojibhioh HHTepec npeacTaBjraiOT 
OKCH^HBie COe^HHeHHil C npOTOHHOH 
npOBO^HMOCTBK). IIpOTOHHBie npOBO^- 
hhkh no hx pa6oHHM TeMneparypaM 
mo5kho no^pa3^ejiHTB Ha HH3KO-, cpea- 
He- h BBicoKOTeMnepaiypHBie. 

H3HanajiBHO BBicoKOTeMneparyp- 
HBie npOTOHHBie npOBO/JHHKH He HMeiOT 
b CBoeM cocTaBe npoTOHCoaep)KamHx 
rpynnHpOBOK. BoaopoaHBie ^e^eKTBi 
o6pa3yiOTC5i b pe3yjiBTaTe B3aHMoaeHC- 
tbh n okch^ob c Boaopoaocoaep)KameH 
aTMOC^epOH. B CBJI3H C 3THM 6oJIBHIOe 
BHHMaHHe yaejraeTca HccjieaoBaHH- 
3M B3aHMO^eHCTBH« MOKay BO^HBIM 
napOM, KHCJIOpO^HBIMH BaKaHCHflMH H 
npOTOHaMH. 

HanSojiBHieH npOBO^HMOCTBio npn 
cpaBHHTejiBHO HH3KHX TeMnepaTypax 
o6jia^aiOT HeopraHHnecKHe KncjiBie 
COJIH H reTepOnOJIHKHCJIOTBI. fl,o chx nop 
OCTaeTCfl OTKpBITBIM BOnpOC O CTpyKTy- 
pe npOTOHra^paTHOH no^pemeTKH npo- 
TOHHBIX npOBO^HHKOB H MexaHH3M npO- 
tohhoto TpaHcnopTa. 


O^hhm H3 HanSojiee nepcneKTHB- 
HBIX COe^HHeHHH, Ha OCHOBe KOTOpOTO 
MoryT 6 bitb co3^aHBi npOTOHHBie npo- 
BO^HHKH, flBJIUCTCJI nOJIHCypBMUHafl 
KpHCTaJIJIHHeCKaa KHCJIOTa. 

IIojiHcypBMHHBie khcjiotbi o6jia- 
£aiOT H0H006MeHHBIMH CBOHCTBaMH 1 . 

CjieayeT 05KHaaTB, hto aonHpOBaHHe b 
nOJIHCypBMaHyiO KHCJIOTy HOHOB (})OC- 
(j)Opa yBeJIHHHT KOHH,eHTpaH,HK) «KHC- 
JIBIX» npOTOHOB H yjiyHIHHT npOTOHO- 
npOBO^mne CBOHCTBa 3thx coe^HHe- 
hhh. O^HaKO, ^aHHBie 06 ycjiOBHiix no- 
jiyneHH^ (J)oc(j)opocypBMjfflOH khcjiotbi, 
ee CTpyKType HeMHoronHCJieHHBi. 

Jinn nojiyneHHn nojiHcypBMUHOH 
khcjiotbi b KanecTBe hcxo^hbix pea- 
reHTOB 6 bIJI B3JIT XJIOpH^ eypBMBI (111) 
njiOTHOCTBio 2,542 r/ cm 3 , k KOTOpOMy 


A 06 aBJI^JIH paCTBOp KOHIjeHTpHpOBaH- 
HOH a30TH0H KHCJIOTBI fl , O 06pa30BaHHH 
nHTHBaJieHTHBIX HOHOB. K nOJiyHHBHie- 
Mycn pacTBOpy npHjiHBajiH ahcthjijih- 
pOBaHHyio BO^y. BBinaBHiHH oca^OK ot- 
MBIBaJIH H BBICyiHHBaJIH. 

SbCl +HNO +H 0 0^ 

3 3(kohij.) 2 

HSb0 3 nH 2 0|+N0 2 t+HCl, (1) 

Jinn nojiyneHHn OCK c pa3JiHHHBi- 
MH COOTHOHieHHHMH Sb/P K paCTBOpy 
AObaBJI^JIH pa3JIHHHOe KOJIHHeCTBO koh- 
IieHTpHpOBaHHOH ^OC^OpHOH KHCJIOTBI 

c njiOTHO ctbk) 0,8615 t/cm 3 h npOBO^H- 
JIH TH^pOJIH3. nOJiyneHHBIH OCa^OK BBI- 
cyniHBajiH. 

SbCl +HNO + H PO +H O-> 

3 3(kohu.) 3 4 2 

—> HSb k P m 0 3 nH 2 0|+N0 2 |+HCl, (2) 


Ta6jiHua 

CooTHomeHHe hcxoahwx peareHTOB, cocTae h ran CTpyKTypbi 
o6pa3yiomHxcH $a3 2 


CocTaB (J)a3 

COOTHO 

ineHne ncxoaHbix 
paCTBOpOB 

Tnn 

CTpyKTypBi 

Oa3a 

h 3 po 4 

(mojib) 

SbCl 3 

(mojib) 

P/Sb 
(ot. ea.) 

HSb0 3 nH 2 0 

0 

1 

0 

P 

KpHCTajuinnecKaa 

HSb 0.90 P 0.10 O 3 nH 2° 

0,10 

0,90 

0,11 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0.S0 P 0.2<A nH 2 O 

0,20 

0,80 

0,25 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0 . 71 P 0 , 9 O,nH 2 O 

0,29 

0,71 

0,41 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 067 P 033 O 3 nH 2 O 

0,33 

0,67 

0,49 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0 , 2 P 0J8 O 3 nH 2 O 

0,38 

0,62 

0,61 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 058 P 042 O 3 nH 2 O 

0,42 

0,58 

0,71 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0 , 3 P 047 O 3 nH 2 O 

0,47 

0,53 

0,89 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0 ,,P 0 49 O 3 nH 2 O 

0,49 

0,51 

0,96 

P 

IIjioxo KpHCTajuinnecKaa 

HSb 0 . 48 P 0 , 2 O 3 nH 2 O 

0,52 

0,48 

1,08 

P 

IIjioxo KpHCTajuinnecKaa 

H Sb„. 45 P„, 5 0 3 nH 2 0 

0,55 

0,45 

1,22 

P 

IIjioxo KpHCTajuinnecKaa 

H Sb„. 36 P„. 64 0 3 nH 2 0 

0,64 

0,36 

1,78 

P 

IIjioxo KpHCTajuinnecKaa 

HSb o, 9 P o.7,°, nH 20 

0,71 

0,29 

2,45 

- 

AMOptJmaa 

HSb 0,5 P 0.75°, nH 2O 

0,75 

0,25 

3,00 

- 

AMOp(J)HaH 

HSb 0 . 22 P 0 . 78 O 3 nH 2 O 

0,78 

0,22 

3,55 

- 

AMOp^Haa 


P - cmpyianypa muna nupoxjiopa 


1 EypMHCTpoB B.A CTpyKTypa, hohhi>ih o 6 mch h npoTomian npoBO^HMOCTb nojiHcypbMHHoii KpHCTajiJiHHecKoii khcjiotw: 
MOHorpa^jHH / B.A. EypMHCTpoB. - HcjihShhck: H 3 /i-bo Heji5i6. roc. yH-Ta, 2010. - 247 c. 

2 AH/jpeeBCKaa H.H., EypMHCTpoB B.A. 06pa30BaHHe npoTOHnpoBoaauiHx ^a3 (JjoctJjopocypbMHHoii khcjiotm npn rHapojiH3e 
paCTBOpOB XJIOpH/ja CypbMbI H 4)OC(l)OpHOH KHCJIOTbl // BbICOKHe TeXHOJIOrHH, (jjyHJiaMeHTajlbHbie HCCJiejIOBaHHH, OKOHOMHKa. 
- T. 2: cOopHMK CTaTefl ^BeHa/maTofl Me5K/iyHapo/iHOH HaynHO-npaKTHnecKoii KOH^epeHiiHH «^yHaaMeHTajibHbie h npHKJiaaHbie 
HCCJieaoBaHHH, pa3pa6oTKa h iipiimchchmc bucokhx TexHOJiorHH b npoMbimjieHHOCTH». 08-10 jieKaOpa 2011 ro/ja, CaHKT-IIeTep6ypr, 
Pocchh / non pea. A.II. KyaHHOBa. - CII6.: H3a-BO IIojiHTexH. yH-Ta, 2011. - C. 140-142. 
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B pe3yjitTaTe, 6 bijih nojiyneHti 06- 
pa3ijbi nojincypbMaHOH khcjiotbi Aonn- 
pOBaHHOH (])OC(j)OpOM B COOTHOHieHHH 

P/Sb ot 0 ao 3,55. CocTaB nojiyneHHbix 
o6pa3ijOB onpe^ejiajiH mctoaom ^epHBa- 
Torpa4)HH b HHTepBajie TeMnepaTyp ot 
60° 800°C (Derivatograph Q-1000 

system: E. Paulik, J. Paulik, L. Erdey). 

Oa30BBIH COCTaB o6pa3IJOB KOHTpOJIH- 
pOBajin Ha peHTreHOBCKOM ^H^paKTO- 
MeTpe ,Z],POH-3. 

nojiyneHHbie pe3yjibTaTti cboa^tch 
k cne,ayiomeMy: npH HarpeBaHHH o6pa3- 
h,ob Hadmo^aeTCfl H3MeHeHHe Maccti, 3 to 
odtucmieTcn y^ajieHHeM H3 BemecTBa 
jieTyneH $P aKI t HH B HHTepBajie ot 
25 ao 100 °C. 

Ha ^epHBaTorpaMMax mc»kho Btme- 


JIHTB 5 CTa^HH C MaKCHMaJIbHOH CKOpO- 
ctbk) yaajieHHa ra30o6pa3Htix npo^yx- 
tob npH TeMnepaTypax 100, 210, 380, 
550, 760°C. Handojitmaii noTepn Maccti 
Ha6jiiOAaeTcn npH cooTHomeHHH P/Sb = 
0, npn yBejiHHeHHH coAep^KaHHn (j)oc(j)o- 
pa b o6pa3i^ax, noTepn Maccti yMeHtma- 
eTca. H3MeHeHHe Maccti, no-BHAHMOMy, 
oOycnoBjieHO npoijeccaMH AerHApaTa- 
H,HH, BOCCTaHOBJieHHeM Sb 5+ ^o Sb 3+ H 
yAajieHneM KHCJiopOAa. 

JlHTepaTypa: 

1. EypMHCTpoB B.A CTpyKTypa, 
HOHHblH o6mCH H npOTOHHaH npOBOAH- 
MOCTb nOJIHCypbMHHOH KpHCTaJIJIHHeC- 
koh KHCJiOTti: MOHorpa4)Hn / B.A. Eyp- 
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MHCTpOB. - HcjhiOhhck: H3a-bo HejinO. 
roc. yH-Ta, 2010. - 247 c. 

2 . AHApeeBdcan H.H., EypMHCTpoB 
B.A. 06pa30BaHHe npOTOHnpOBOAfliAHx 
(J)a3 (})OC(j)OpOCypbMaHOH KHCJiOTti npH 
rHApojiH3e pacTBOpOB xjiopHAa cyptMti 
H (f)OC(J)OpHOH KHCJiOTti // BtICOKHe TeX- 
hojiothh, (jiyHAaMeHTajibHtie hccjicao- 
BaHHH, 3KOHOMHKa. T. 2 1 cOopHHK CTaTCH 
fl,BeHaAitaTOH MOKAyHapOAHOii HaynHO- 
npaKTHHecKOH KOH(j)epeHAHH «OyHAa- 
MeHTajitHtie h npHKjiaAHtie HccjieAOBa- 
hhh, pa3pa6oTKa h npHMeHeHHe Btico- 
KHX TeXHOJIOTHH B npOMbIHIJieHHOCTH». 

08-10 AeKaOpn 2011 roAa, Camcr-neTep- 
6ypr, Pocchu / noA peA- A.n. KyAHHOBa. 

- Cn6.: H3 a-bo nojiHTexH. yH-Ta, 2011. 

- C. 140-142. 
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ITEMS DURABILITY FOR VISCOELASIC POLYMERS 


In this paper we propose a mathematical model of destruction , based on the relationship of 
boththese approaches to allow for the dependence of the limiting critical conditions at which the 
destruction, the time of stress, temperature environmental exposure, exposure, etc. 

Keywords: deformation, vickoelasticity, mehanicheskie properties, degradation 


P olymers are now well-accepted for a 
wide variety of applications, and for 
mass-manufactured as well as one-off 
speciality products. The growth in their 
use has continued in the last two decades 
or more, despite the effects of several 
recessions in industrial activity . In the 
same period the demand for traditional 
materials like metals, ceramics and 
glasses has remained static or even fallen. 
Polymers the basic materials of the rubber 
and plastic industries and important to 
the textile, petroleum, automobile, paper, 
and pharmaceutical industries as well 
exhibit viscoelasticity to a pronounced 
degree. Their viscoelastic properties 
determine the mechanical performance 
of the final products of these industries, 
and also the success of processing 
methods at intermediate stages of 
production. Whilst the behaviour of 
many real materials does approximate to 
these idealised models, that of polymers 
deviates markedly from them. In 
particular, their solid state deformation 
is time-dependent and nonlinear and 
so resembles some combination of 
elastic and viscous responses, whilst 
their melt rheology is also significantly 
nonlinear. 

In this paper we propose a 
mathematical model of destruction 
(the relations connecting parameters 
of efficiency at the time of fracture 
characteristics material), based on the 
relationship of both these approaches 
to allow for the dependence of the 
limiting critical conditions at which 
the destruction, the time of stress, 
temperature environmental exposure, 
exposure, etc. This is especially typical 
for polymers [1]. An examination 
of these experimental data one can 
draw conclusions that should be taken 
into account when constructing the 
mathematical correlations for the 
conditions of fracture: 
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1. Mechanical properties and the 
process of destruction of polymer 
materials substantially depend on time 
and operating conditions. 

2. Destruction is a two-stage 
process. At the first stage the degradation 
of the properties of the material, the 
accumulation of damage, microcracks 
occur. The stage ends at a time when 
the merger of microdamage formed 
macroscopic crack [2]. 

3. At the failure of the material from 
effect of aggressive media, corrosion or 
caused by visco-elasticity the value of the 
first stage is so large that when evaluating 
time of destruction the destruction 
process can be generally described as the 
accumulation of damages and degradation 
properties of plastic. 

4. Because of the irreversibility of 
the process of destruction is determined 
not only the current values of parameters 
characterizing it, but the entire prior 
history change of these parameters. 

5. Because of the private nature 
of the experimental data on the effect 
of medium on behavior of plastic the 
composition of the general mathematical 
for all materials the phenomenological 
description of fracture based on 
mechanical ideas due to the difficulties 
and serious shortcomings. Therefore 
it is necessary and the molecular 


interpretation of macroscopic changes in 
the material. Thus, the phenomenological 
theory of time dependence as would 
provide a common framework, which 
must fit the theory of material behavior, 
and that put a detailed mechanical 
theory of change of macroscopic and 
microscopic properties of the polymer. 
This need arises in the interpretation of 
the parameters of the phenomenological 
equation, allowing you to identify not 
only the common features, as well as the 
difference between the materials. 

6. Because of significant time 

effects for polymers the process of their 
destruction more difficult than traditional 
materials, the phenomenon of viscous 
and brittle fracture occur simultaneously. 
Fracture criterion in this case must take 
into account the achievement a, 8 of the 
instantaneous and destructive values a p, 
8 p, at the time t , and their dependence 

r 7 pa3p/ r 

on the development of degradation of 
material properties go (t). 

7. When the stresses are removed 
from a polymeric material before 
fracture, the strain recovery path is 
not necessarily identical to that of the 
loading part of the deformation cycle. 
So energy must have been dissipated 
during the deformation of such materials 
- another indication of deviation from 
perfect elasticity [2, 4]: 



Tcnsiic si nun 


Fig. 1. Tensile stress-strain curves for some rubbers and plastics 


Analysis of experimental data 
suggests characteristics of the 
temperature dependence of relaxation 
processes and fracture for viscoelastic 
polymers with the same value of energy 
activation for each material.Both aspects 
of the strength of polymers (short-term 
and long-term loading) depend on the 
local structural changes that primarily 
can be linked with the process of 
accumulation of damage, education 
grid hairline cracks. Combining 
different approaches to describing these 
processes, i.e. formulation of a general 
mathematical theory of deformation 
and fracture of polymers depends on the 
study of the relationship of deformation, 
destruction and action of strain, 
temperature, aggressive factors in the 
whole time interval of operation of the 
element. 

Viscoelastic behavior reflects the 
combined viscous and elastic responses, 
under mechanical stress, of materials 
which are intermediate between liquids 
and solids in character. Viscoelastic 
Properties of Polymers examines, in 
detail, the effects of the many variables 
on which the basic viscoelastic properties 
depend. These include temperature, 
pressure, and time; polymer chemical 
composition, molecular weight and 
weight distribution, branching and 
crystallinity; dilution with solvents or 
plasticizers; and mixture with other 
materials to form composite systems. 
With guidance by molecular theory, the 
dependence of viscoelastic properties 
on these variables can be simplified by 
introducing certain ancillary concepts 
such as the fractional free volume, the 
monomeric friction coefficient, and the 
spacing between entanglement loci, 
to provide a qualitative understanding 
and in many cases a quantitative 
prediction of how to achieve desired 
results. The phenomenological theory 
of viscoelasticity which permits 
interrelation of the results of different 
types of experiments is presented 
first, with many useful approximation 
procedures for calculations given. 
A wide variety of experimental methods 
is then described, with critical evaluation 
of their applicability to polymeric 
materials of different consistencies and 
in different regions of the time scale 
(or, for oscillating deformations, the 


frequency scale). A review of the present 
state of molecular theory follows, so 
that viscoelasticity can be related to the 
motions of flexible polymer molecules 
and their entanglements and network 
junctions. The dependence of viscoestic 
properties on temperature and pressure, 
and its descriptions using reduced 
variables, are discussed . 

Relaxation properties influence the 
process of destruction, enhancing the 
growth of 

microdamages. This is explained by 
the fact that in the process of development 
forced highly elastic deformation near 
the damage is occurred the transition 
mechanical energy into heat [3]. 

According the survey of the literary 
sources for the analyzing of long-term 
durability of materials and elements 
made of them two alternative approaches 
are basically exist: mechanical 

(benchmarking) and kinetic. 

According the first approach we 
model the generalized condition for 
material destroying: 

(j) (01, 02, 03 ) = (j) p. 

Here $ “ the functional is some 
combination of the components of the 
stress or strain. The functional (J) depends 
on the accepted theory strength or given 
empirically and then the functional 
contains parameters determined 
experimentally. 

1. The strain tensor can be 
represented as a sum of tensors of elastic 
deformation of inelastic deformation: 

s ij = s ij 1 + s ij 2 . 
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2. For description the strain state 
and fracture in the framework of a 
generalized model of inelasticity is 
necessary to consider the history of 
deformation of the sample depends 
on the loading path and on time. For 
different loading paths for the processes 
of varying duration results will be 
different. We give a physical explanation 
of the above stated hypothesis. Usually 
characteristics of any model of a 
continuous medium mathematically 
depend of state parameters. The number 
of state parameters can be infinite, 
but the state of a thermodynamic 
system is defined by a finite number of 
parameters: 

e(t) = a /E+ J K(t, x, co)g(t) d x. 

o 
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OPTIMAL LAYER STRUCTURE 
AT QUASI-PHASE-MATCHED INTRACAVITY 
SECOND HARMONIC GENERATION 

Intracavity conversion of frequency presents the most efficient way of frequency conversion. 
At intracavity conversion phase changes of interacting waves within one and the same cavity 
will strongly influence on conversion efficiency [1-5]. Therefore, it is expedient to carry out 
the investigations of quasi-phase matched intracavity interaction [6] in the constant-intensity 
approximation [7] taking into regard the changes of all interacting waves in contrast to constant- 
field approximation. 
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T heory of quasi-phase-matched 

generation of second harmonic 
in a laser resonator in a dissipative 
medium at the phase mismatch has been 
developed by us in [8]. It is shown that 
by choosing layers lengths with regard 
for corresponding values for coherent 
lengths and optimal phase relationship 
between interacting waves, it is possible 
to receive more higher efficiency of 
conversion at the outlet of RDS (regular 
domain structure) -crystal in comparison 
with case without resonator. 

Let us consider a practical example 
of quasi-phase-matched generation 
of optical harmonic. Up to present, 
intracavity generation of second- 
harmonic has been realized. Therefore, 
for this case, i.e. for the generation of 
second-harmonic in RDS-crystal Nd:Mg: 
LiNb0 3 arranged in a laser cavity, we 
will make our estimations. Apparently, 
in this compound the crystal LiNb0 3 , 
responsible for nonlinear properties 
of a structure, plays the role of matrix. 
They use ee-e interaction in lithium 
niobate, what is connected to nonlinear 
coefficient d 33 , ranking practically above 
the rest nonlinear coefficients of the 
given crystal [3, 4, 9]. In crystal Nd: 
Mg:LiNb0 3 , the most intensive laser 
generation has a wavelength 1.084 mem 
[10]. In the process of quasi-phase- 
matched doubling, the generation of 
radiation in green light on a wavelength 
in 0.542 mem takes place. 

Let us estimate the maximum 
efficiency of conversion to this 
wavelength for experimentally realized 
value of laser generation intensity 
equal to 2 TO 7 W/cm 2 [3]. The 
numerical calculation of the analytical 
expressions got in the constant-intensity 
approximation on the optimum length 
of the first domain equal to 58.75 mem 
gives a value of efficiency r\ 2 = 0.1248. 
At optimum length of the second domain 
equal to 59.8 mem, maximum efficiency 

6 


at the outlet of the second domain is 
equal to 0.3967, at the outlet of the 
third domain r| 2 (l = 62.5 mem) = 

= 0.6115, after the fourth domain 
r| 2 (l 4opt = 65.66 mem) = 0.833, after 
the fifth domain ru(L = 1, ) = 

■2 V 5, opt. 4, opt 7 

= 0.8751, and after the sixth domain 
ru(L = 1 t ) = 0.8936. 

•2Y 6, opt. 3, opt' 

From the analysis in the constant- 
intensity approximation it follows 
that the length of each domain, at 
which conversion efficiency in the 
RDS-crystal is maximum, depends 
on a value of pumping intensity at the 
entrance to a domain. As far as laser 
radiation is being extended in a structure, 
there takes place a gradual decrease 
of pumping intensity on the account of 
transfer of fundamental radiation energy 
to second-harmonic energy. 

Application of the constant- 
intensity approximation to a layer taken 
separately, permits to take into account 
the given fact and make more strict 
analysis of nonlinear interaction in the 
process of frequency conversion [12-13]. 
Hence, with an increase in the number of 
domains, pumping intensity diminishes 
at the entry to each subsequent domain, 
while the optimum length of domains 
increases, what is just observed in our 
case. 

As a result, the optimal dimension 
of the considered domain structure 
from the active-nonlinear crystal Nd: 
Mg:LiNb0 3 is equal to 246.7 mem in 
domain structure period in 123.35 mem. 
For comparison, [3] examines a similar 
structure at crystal length equal to 0.5 cm 
with nonlinear period of 7 mem. In [4] 
such structure is considered for quasi- 
phase-matched intracavity mixing of 
frequencies at length of 7 mem and 
period in 4 mem. At consideration of 
linear absorption in crystal Nd:Mg: 
LiNb0 3 conversion efficiency, as it 
should be expected, decreases. For the 
loss values 25^52=0.1 cm 1 [3], the fall 


of efficiency makes up about 20%. 

With elaboration of similar frequency 
intracavity converters on the basis of new 
nonlinear crystals with mixtures of rare 
earth elements it is possible to realize 
compact sources of coherent radiation. 
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MATEMATHHECKHE nO^XO^bl K BPEMEHHbIM 
nPOU,ECCAM B nPOH 3 BO^CTBE 


CmambR nocenu^ena anajiu3y cmouMocmnux xapaKmepucmuK epeMennux npoijeccoe pa3- 
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This article dedicate of analyze of periodical social progress into Russia and other market 
countries. It is determined across initial points of economy cycles, when it is result of exchange 
of produce forces, using versions of Kondratjev 's cycle, theory of Laplace and theory of complex 
alteration. 
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1. B03BpaTH0e BpeMSI odopOTHbIX 
aKIll BOB. 

HeodpaTHMbiH paexojj BpeMeHHoro 
pecypca b opraHH3ai3HH 3a/jaeTCn Bejin- 
hhhoh ^jiHTejibHOCTH onepaitHOHHoro 
ijHKjia, exjia/jbiBaiomerocn H3 Tpy/joeM- 
KOCTen onepaijHH no H3roTOBjieHmo n 
peajiH3an;HH npo/jyxiiHH. ripn npo/ja5xe 
npo^yKiiHH Ha pbiHKe TOBaponpon3Bo- 
^HTejiH c BbipyuKOH nojiynaiOT B03M05K- 
hoctb fljia BoenpOH3Bo^CTBa noejie/jyio- 
hjhx onepaiiHOHHbix bhkjiob. Ot Haxon- 
JieHHH BblpyHKH 3aBHCHT CaMa B03M05K- 
hoctb Hanajia onepaiiHOHHbix uhkjiob. 
TpedyeTCn CHanana npOH3BecTH pacxo- 
j\bi Ha npHodpeTeHHe cbipbn, MarepHa- 
JIOB, KOMnjieKTyiOmHX, HHCTpyMeHTOB. 
nonojiHmoTCn odopOTHbie aKTHBbi no 
HX CTOHMOCTH, a nOTOM yyKQ BbinOJIHa- 
kotcii TexHOJiorHnecKHe onepaijHH. 3 th 
pacxo/jbi odna/jaiOT HecKOJibKHMH oco- 
deHHOCTHMH. IlepBaa H3 hhx 3axjiiOHa- 
eTCa B TOM, HTO OHH noTpedjnnoT jih6o 
B bipynKy npe/jbmymHx onepau;HOHHbix 
ijhkjiob, jih6o ny^cne ^eHbrn (3aHMbi 
h Kpe/jHTbi), jih6o BKjia^bi ynpe^HTe- 
jieii (ycTaBHbm KanHTaji). BTOpaa oco- 
deHHOCTb onpe/jeiraeTcii tcm, hto 3th 
pacxo/jbi MoryT cHOBa npeBpaTHTbca b 
/ jeHbTH, eejiH paHHee KynjieHHbie odo- 
porabie aKTHBbi npo^aTb Ha pbmxe, 
Kax H3JiHmHHe. TpeTbn oeodemiocTb 
BKjHonaeT b eedn (jiaxTop KanecTBa odo- 
pOTHblX aKTHBOB. ECJIH MCHe/J5XepbI Op- 
raHH3aBHH cboio padoTy BbinojimnoT 
KanecTBeHHO h 3(jxj)eKTHBH0, to ohh 
odecnenHBaiOT npnodpeTeHHe Taxoro 
Cbipba, MaTepnajioB h xoMnjiexTyiomHx, 


KOTOpoe MoryT dbiTb npo/jaHbi Tax exopo 
h no Taxon i^eHe, hto6bi HOBaa Bbipynxa 
ot 3toh peajiH3apHH noxpbuia paHHee 
e^ejiaHHbie pacxo/jbi Ha hhx h npHHee- 
na npHdaBOHHyio ctohmoctb. Cne/jo- 
BaTejibHO, no/jodHbie odoporabie axra- 
Bbl ,ZJOJI5KHbI dbiTb CTpaTeTHHeCKHMH, 
HTodbi 3a hhmh Bcer/ja 6buia onepe^b 
3a orpa^oii exjia/jOB opraHH3aii,HH h 3a 
hhx npe/jonnaTHO onjianHBajiH 6bi eme 
JIO TOTO, KaK HX BbIBC3yT C TeppHTOpHH 
CKJianOB H CTOJIbKO, CKOJIbKO 3anpOCHT 
npo/jaBeiE 3HanHT, 3 th odoporabie ax- 
THBbi e TaxHMH ocodeHHOcTHMH HecyT 
b cede oeodyio CTOHMOCTHyio xapaxTe- 
pHCTHKy odpaTHMOCTH BpeMeHH Ha Ta- 
xne odopOTHbie aKTHBbi. Heodxo^HMO 
oijeHHTb CTOHMOCTHyio xapaxTepHCTHxy 
odpaTHMOCTH BpeMeHH nepe3 odopOT- 
Hbie axTHBbi h 3toh u,ejiH TpedyeTca 
Hcnojib30BaTb donee cjiojkhbih MaTeMa- 
THuecxHH annapaT. Onpe^ejiHM BpeMeH- 
HyiO 3aBHCHMOCTb CTOHMOCTH paCXO^OB 
- p Ha npHodpeTeHHe odoporabix axTH- 
BOB - OA B 3aBHCHMOCTH OT BpeMCHHblX 
H3MeHeHHH BblpyHKH B(t) 

i ^ 

r = B(t)T„ + -\B(t)dt, (1) 

^ 0 

r^e T cm - Tpy^oeMxocTb ejiyjxdbi Mapxe- 
THHra, 

K - £OJin CTpaTernuHOCTH b odopOT- 
HblX aKTHBaX, 

\B(t)dt - HaxonjieHHe BbipynxH 3a 
onepaiiHOHHbiH i^hkji T q ^. 

npHMeHHM X ypaBHeHHK) (1) HHTer- 
panbHoe npeodpa30BaHHe JIanjiaca [1] 


P = BxT QM -j—B = 


rri 

CM J 


B = WB , 


( 2 ) 


r/je p - xoMnjiexc pacxo/joB Ha npnod- 
peTeHne OA, 

B - xoMnnexc BbipynxH, 

1 IK = OAJOA - ^ojih CTpaTerHHHoe- 
TH B odopOTHbIX axTHBax, 

OA - CTp. 290 danaHCOBoro OTneTa 
(d^) opraHH3au,HH, rae. pyd. 

OA c - CyMMa OdopOTHbIX aKTHBOB, 
HMeiOmHX OCOdeHHOCTH CTpaTerHH- 
HOCTH, TbIC. pyd. 

co = 271 f- xpyroBan nacTOTa npo^aTK 
TOBapa Ha pbmxe, 

1 IT = f - nacTOTa peajiH3ai^HH 
TOBapa, or 1 , 

W - /JJIHTeJIbHOCTb 3KBHBaJieHTHOTO 
ijHKjia (ypaBHeHHe 3) 

T qii - ^jiHTejibHOCTb onepai^HOHHoro 
IJHKJia, c 


W =T -j — — . 

CM CM J ^ A r>. 

OA 2 p 


BeM MeHbine TpyuoeMxocTb cjiyTxdbi 
MapxeTHHra - T cm , tcm djimxe MO^yjib 
^JIHTeJIbHOCTH 3KBHBaJieHTHOTO HHKJia X 
^jiHTejibHOCTH onepauHOHHoro HHKJia. 
BeM djiHTxe CTpaTernnHOCTb odopoTHbix 
axTHBOB xo Been eyMMe odopoTHbix ax- 
THBOB, TeM djIHTKe MO^yjIb /JJIHTeJIbHOCTH 
3KBHBaJieHTH0T0 UHKJia X ^JIHTeJIbHOCTH 
onepauHOHHoro UHKJia. H3 BbipaTxeHini 
(3) HMeeM 3HaneHH5i (jia3bi ^jiHTejibHOCTH 


9™ = arct s 


(-1)04 

0Ax2nT c a 


( 4 ) 


7 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 

Ecjih Ha3HaneHHfl T —> 0, to 

CM 

CP CM ^ (—71/2). ri03T0My, neM CTpaTerHH- 
Hee o6opoTHbie axTHBbi, TeM MeHbine 
Tpy^oeMKOCTb cjiy}x6bi MapKeTHHra h 
T eM 3KBHBaJieHTH0e BpeMJI 6jlH5Ke K 
o6paTHMOMy. 

2. Bo3BpaTHoe epeMH ot BHeo6o- 
pOTHblX aKTHBOB. 

Ot HaJIHHHH CKOpOCTH HaKOnjieHH^ 
BblpyHKH 3aBHC5IT B03M05KH0CTH Op- 
raHH3au,HH no npHoOpeTemno hoboh 

TeXHHKH H TeXHOJIOTHH, nO MO^epHH- 

3aiinn HMeiomeroca oOopy/jOBaHHa. 
3 th 3aTpaTbi Bcerjia 3HanHTejibHbi n 
KOHIteHTpHpOBaHbl BO BpeMCHH. HeM 
Bbirne CKopocTb nojiyneHna Bbipynxn, 
TeM 6ojiee Bepoimia enoeo6HOCTb op- 
raHH3an,nn Ha npHo6peTeHHe ochobhbix 
npOH3BO^CTBeHHbIX (jlOH^OB - OITO H 
ocymecTBjieHHa 3aTpaT Ha CMeHy TexHO- 
JIOTHH. 

Hcnojib30BaHHe OIIO /jaeT raaBHoe 
AJin opraHH3ai^HH - BbinycK npo/jyx- 
h,hh no^ H3MeHaiomHeca noTpe6HOCTH 
noKynaTejieH. B TaxoM cjiynae 6ojh>- 
man nacTb Heo6paTHMO pacxo^yeMoro 
pecypca BpeMeHH opraHH3au,HH Tpa- 
THTCa Ha npOH3BO^CTBO npO^yKI^HH H 
3KcnjiyaraiiHK> OIlO h b /jjiHTejibHOCTH 
onepaipiOHHoro ijHXjia ocHOBHan nacTb 
npHxo^HTca Ha Tpyuo eMKO ctb npOH3- 
BO^CTBeHHbix npoi^eccoB. O/jHaxo 3a- 
TpaTbi Ha OIIO MoryT 6biTb oOpaTHMbi- 
mh. Bee 3a/jaeTCJi nporpeecHBHOCTbio, 
peeypeoc6eperaeMOCTbK) Hcnojib3ye- 
MOH TeXHOJIOTHH H peBOJHOIJHOHHOCTbK) 
npHMeHaeMoro oOopyaoBaHHH £jni 3(j> 
(J)eKTHBHOTO BOnjlOHjeHHfl TeXHOJIOTHH. 
B TaxoM cjiynae MeHe/pxepbi opraHH3a- 
H,HH o6n3aHbI TpaTHTbCH Ha TeXHOJIOTHH 
VI h VII TexHOJiorHHecxHx nepe/jejiOB, 
onepeTxaiomHe BpeMn, h Ha o6opyao- 

BaHHe C B03M0>XH0 CTHMH /JBOHHOTO H 
TpOHHOTO HX Ha3HaHeHHH. 

3to ^aeT bo3mo5xhoctb MeHe/pxe- 
paM npn ycTOHHHBOM TpeH^e cna/ja b 
peajnxsaijHH TOBapoB, 6bicTpo opraHH30- 
BaTb npo^a)xy HMeiouinxca TexHOJiomH 
h o6opy^OBaHHa no ijeHaM 3aTpaT Ha 
hx noxynxy, jih6o c npH6aBOHHOH cto- 

HMOCTbK), 3aBHCHmeH OT HX HOBH3HBI Ha 
^eHb npo^aTXH «h3jihhixob». 

Tor/ja ctohmoctb npHoOpeTeHHn 
OIlO - C on(J) , bo BpeMeHH 6yzjeT 3aBHceTb 
OT TpyaoeMXOCTH npOH3BO^CTBeHHbIX 
onepai^HH - T , Bbipynxn, MemnomeH- 
cn bo BpeMeHH - B(t ), a Tax tkq ot cxo- 
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pocTH nojiyneHHa Bbipynxn - dB(t)/dt , 
xoTopan MOTxeT 6biTb HanpaBjieHa Ha 
npHo6peTeHHe o6opyzjOBaHHn mhoto- 
xpaTHoro 

C^ = B(t)xT+KJS(t)/dt, (5) 

r/je K n = C 1C - xparaocTb ctohmocth 
nporpeccHBHoro oOopyzjOBaHHn - C no x 
CTOHMOCTH HMeKHIJHXOI OIlO - C q 

IIpHMeHHM x ypaBHeHHK) (5) npeo6- 
pa30BaHHe JIanjiaca h nojiynHM xoMn- 
jiexc ctohmocth npHoOpeTeHHa OIlO 

C on ^=T 3 xB + jwK n xB = 

= B(T 3 + jwK n ) = wB, (6) 

r/je W on(J) - ^jiHTejibHOCTb 3XBHBajieHT- 
hoto npOH3BO^CTBeHHoro ijHXjia (ypaB- 
HeHne 7) 


W on , = T + j^ K n, (7) 


Cjie^oBaTejibHo, Mo^yjib ajiktcjib- 
HOCTH 3XBHBaJieHTHOTO npOH3BO/JCTBCH- 
HOTO I^HXJia - 


(Pon^aretg 


r +^L 

v T ; 


( 8 ) 


\W J 3aBHCHT 

oncp 1 


xax OT 3XBHBaJieHT- 
HOH Tpy^OeMXOCTH npOH3BO^CTBeHHOTO 
i^HXJia - T , Tax h ot xpyroBOH nacTO- 
Tbi npo^aTx - co h /jojih nporpeecHBHOH 
TeXHHXH B OIlO - K . 

n 

Oa3a ^JIHTeJIbHOCTH 3XBHBaJieHT- 
HOTO npOH3BO^CTBeHHOTO IJHXJia - H3 

ypaBHeHHK (7) HMeeT ejie^yiomHH bh^: 


3. 3KBHBajieHTHan ^jiHTejibHOCTb 
npopecca no^roTOBKH, npoH3BOACTBa 
h peajin3apnn npo^yKpHH. 


w =w +w = 

vv 3 VV CM ^ VV on$ 


f 


V 


rji • 1 

CM J 


(T 3 +jaK u ), 


W =(T +T) + /( — + ®a:J, 

3 v CM J {o)K n ) 

(9) 

Beeb npoi^ecc npoH3BO^CTBa ot 
no/jroTOBXH ^o peajiH3ai^HH TOBapoB Ha 
pbiHxe nocjie/jOBarejieH e tohxh 3peHHa 
OpraHH3aiI,HH. Il03T0My 3XBHBaJieHTHaH 
theory of complex alteration. 

TaxHM o6pa30M, TpyaoeMxocTb one- 
pau,HOHHoro i^nxjia - T paBHa cyMMe 


Tpy^oeMxocTeii ejiy5x6bi MapxeTHHra 
- T H npOH3BO^CTBeHHOTO I^HXJia - T 
A B o6paTHMOH naCTH 3XBHBaJieHTHOH 
^JIHTeJIbHOCTH B03M05XeH pe30HaHC, 

xor^a: 


c oK 


- + (*K=0. 


( 10 ) 


npn xpyroBOH nacTOTe npo^aTx, on- 
pe^ejieHHoii H3 ypaBHeHHn (10), 


“'’-JA (n) 

^jiHTejibHOCTb HaxonjieHH^ h Hcnojib30- 
BaHHH CTpaTerHHHbIX o6opOTHbIX aXTH- 
BOB CTaHOBHTCH paBHOH ^JIHTCJIbHOCTH 

paOoTbi nporpeccHBHoro o6opy^OBa- 

HHH. 

B 3tom ejiynae 3XBHBajieHTHaa oth- 
TejibHOCTb Bcero npoiieeea paBHa tojib- 
xo eyMMapHoii TpyaoeMxocTH h HeT 
nepepaexo^a Bbipynxn Ha npnoOpeTe- 
HHe o6opOTHbix axTHBOB. He TpeOyeT- 
en H3JinmHHx HaxonjieHHH Ha noxynxy 

ono. 

Ecjih nacTOTa npo/jaTx Bbime pe- 
30HaHCHoii nacTOTbi, to MeHe^TxepaM 
Heo6xo^HMO yMeHbmHTb ^ojho npo- 
rpeecHBHOCTH o6opy^OBaHHa. 3a eneT 
c/jann b apeH^y, jih6o npo^aTXH Taxoro 
o6opy^OBaHHa HanHHaeTca npnoOpeTe- 
HHe flonojiHHTejibHbix CTpaTerHnecxHx 
o6opOTHbIX aXTHBOB ^jih noBbimeHHa 
3arpy3XH nporpeccHBHoro o6opy^OBa- 
hhh, hto6bi oOeenenHTb Bbinyex nojib- 
3yiomeHC5i pacTynjHM enpoeoM npo^yx- 
h,hh ^jih yaoBjieTBOpeHHn noTpe6HOCTeH 
pbiHxa. 

Ecjih nacTOTa npo/ja5x HHTxe pe- 
30HaHCHoii, to MeHe/pxepbi ^OJDXHbl 
HanaTb npo^aTxy CTpaTerHneexHx 060- 
poTHbix axTHBOB h nojiyncHHbie epe^c- 
TBa ^HBepCH4)HIIHpOBaTb. JIh6o epOHHO 
yjiynmaTb nporpeccHBHocTb o6opy- 
^OBaHHH ^ jih nojiHoro Hcnojib30BaHHa 
CTpaTerHHHOCTH o6opOTHbIX aXTHBOB H 
3aMeHbi npo^yxi^HH, cnpoc Ha xoTOpyio 
na^aeT, Ha HOByio, /piBepcH(|)HipipOBaH- 
Hyio. 


JlHTepaTypa: 

1. Ththc 3.H. TexHHnecxan xn6ep- 
Heraxa: yneOHHx / 3.H. Ththc, T. A. a- 
hhjiobhh, B.H. CaMoiijieHxo. - M.: Co- 
BeTcxoe pa^HO, 1969. - 488 c. 
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ARCFOUR FINITE STATE 
MACHINE MODEL 


Pseudorandom number generator ARCFOUR is modeled by two consecutively connectedfinite 
state machines. Using this modelsome characteristics ofARCFOUR internal permutation 
sequence period are calculated andprovided. 

Keywords: ARCFOUR, pseudorandom, generator, machine, model 


A RCFOURis a pseudorandom 
number generator known as RC4. 
The name RC4 is a trademark, so RC4 
is often called ARCFOUR or ARC4 
(Alleged RC4) to avoid trademark 
problems. [1] 

Pseudorandom number generator 
RC4 was designed by Ron Rivest of 
RSA Security in 1987. The RC acronym 
usually understood by Ron’s Code. [1] 
Initially RC4 was a RSA company’s 
property, but In September 1994 a 
description of it was anonymously posted 
on the Cypherpunks web page and in sci. 
crypt newsgroup. Then this information 
spreaded in the Intemet.The posted code 
providedthe same output sequences that 
licensed RC4 did, so posted code was 
considered to be genuine. [2] 

RSA hasn’t officially published the 
algorithm yet. [1] 

RC4 use is very wide because of 
such features as speed and simplicity. 
It’s a part of standards like TLS, WEP 
and WPA. [2] 

ARCFOUR is a set of pseudorandom 
number generators. It’s internal 
state depends on n parameter. 
ARCFOURwithn = 8 isusedinpracticala 
pplications. 

Let V N = Z N x Z N x S N be an internal 
state set, where Z N is a ring of integers 
modulo N, S N is a symmetric group and 
N = 2 n . So the internal state for n = 8 is 
y =z x Z x S 

v 256 256 256 ^ 256 * 

At a point of time t ARCF OURintemal 
state is v t = ( i t J t , s), where v f e V N . 

ARCFOURinclude two stages, 
called Key Scheduling Algorithm 

(KSA) and Pseudorandom Generation 
Algorithm (PRGA). The first one is 
an algorithm, which derives the initial 
state of ARCFOURfrom a key. PRGA 


isanalgorithm, whichgeneratesoutputdat 
aoninitialstatebasis. 

Initial state of ARCFOUR is derived 
from internal state achieved after KSA 
and equals v 0 = (i 0 , j 0 , s 0 ) = (0, 0, s ), 
where s is a permutation in internal state 
achieved after KSA. 

At every moment t e [1; oo) of PRGA 
ARCFOUR turns into the new internal 
state v t = ( i t ,j t , s) and one output number 
y t is generated: 

*, = l M 0 l > 

Y, = S'(s(i) ® s fi)), 

where © - is addition modulo 
N operation, s t (z) - is a z-th number 
in permutation s t , ° - permutation 
composition operation in symmetric 
group S N , and (x, y) - is a transposition 
of x-th and y- th elements in symmetric 
group S N (if x=y, then (x, y) - is identity 
permutation). 

Let Z N be a set of possible 
internal states of Moore machine A, 
6: Z N — > Z N is its transition function, 
X: Z N — > Z N is its output function. 
Let B to be the Mealy machine, X is 
its input alphabet, X is its state set, 
(h x ) x g x are its partial transition 
functions, (f x ) x g x , f x : X -» Z are 
its partial output functions, Y is its 
output alphabet. We will use a, /z a, 
h n ,a, ..., h h ...h ... to denote 

a B internal states sequence, derived 
from initial state a and input sequence 
x(l), x(2), ..., x(k). c|u means c 

divides u. 

We would remind that sequence b v 
b 2 , ..., b t , ... of some alphabet elements 
is called periodic if there is a natural 
number d which fulfills the condition 


that b t = b t+kd for any natural numbers t, 
k. Minimal d that fulfills this condition is 
a period of the sequence. 

Finite-state machine PRGA model 
is a consecutively connected machine A 
and B. Machine A input parameters are 
5 (z) = i © 1, X(i) = / © 1. It’s clear, 
that X = 8. We should note, that if the 
initial state of machine A is i = 0, then 
its output sequence is Q = 1, 2, ... 
N - 1 , 0, . . . with a period of N. Machine 
B parameters are 

x = z n ,z = z n xs n ,y=z n , 

h x - Z N X Z N X S N > 

where x e Z N and 

h x (j,s) = (j® s(x)) 9 

s ° (s(x), s(j © ^(x))), 

f x (j,s) = s(s(x) © s(j)) 

Further machine B with such 
parameters will be denoted as B*. 

The initial state of PRGA is 
v 0 = (z 0 , j 0 , s 0 ) = (0, 0, s 0 ). So the output 
sequence is y t = s t (s(i) © s t (j)) where 
t e {1,2,...} and equals output sequence 
of machine 5*, generated from the 
initial state (0, s 0 ) and input sequence 
2=1,2, ...A- 1,0, 1,2... . 

We are interested in possible 
and impossible periods of 5* output 
sequence x(y). The information about 5* 
internal state permutation s f e {1,2,...} 
sequence t(s) is also important. It’s 
clear that t(y)|t(s) and t(s) divides 
internal state sequence period (j t , s), 
t e {1,2,...} of machine 5* with internal 
state s 0 and input sequence Q. 

Statement 1 . Sequences y t e {1,2,...}, 
s t , t g {1, 2, ...} are periodic. 

Statement 1 proving. If we prove 
that 5* internal state sequence (/}, s), 
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t e {1, 2, ...} corresponded to initial 
state s Q is periodic we will prove the 
Statement 1. The proof that is a 
permutative machine (means that (hx) xeX 
are bijective) is enough to prove it. 

Let’s prove that machine 5* is 
permutative. Let’s assume that 5* is not 
permutative machine. So for some input 
symbol x e Z N and some internal states 
(j, s), (j*, s*) from Z N x S N the equation 
hjj , s) = h x (j *, s*) is true. So 

(/ © s(x)), 5 ° (s(x), s(j 0 (j(x)))) = 

= (/* 0 s*(x)), s* o (s*(x), s*(x))) 

and consequently 

j 0 s(x) = j* 0 s*(x), 

s o ( s (x), s(j 0 (j(x))) = 

= o (<T*(x), s*(j* 0 s*(x)). 

Let 

j” =j®s(x ) =j*®s*(x). 

So 

s ° (s(x), s(j") = s* o (s*(x), s*(j")). 

It means that s = s* and consequently 
j = j*. Itisacollision, whichproves 
Statement 1. 

Most valuable result of current 

article is contained in further theorem. 

Theorem. If input sequence is 
Q= 1, 2, ... N - 1, 0, 1, 2... then the 
permutation s t , t e {1, 2, ...} sequence 
period of machine 5* is multiple 

of 2 n ~ x for any initial permutation s Q . 
If inequality s Q (l) + 1+2 is satisfied 

for substitution then the 

permutation s f , t e {1, 2, ...} sequence 
period of machine 5* is a multiple of 
N= 2 n . 

We provide two lemmas in order to 
prove the theorem. 

Lemma 1. There are two natural 
numbers n( 1), 77(2), which satisfy 

a n { 1) - b n { 2) = d , for any two natural 
numbers a , b satisfied equality (a, b) = d. 

Lemma 1 may be proven with the 
well-known statement about existence 
of two integers n(l), n(2) fulfilled 
condition given above. 

Let’s look at machine B defined 
earlier. Let B(g) be a connected 
component of machine B which 
contains state a e Z and B(g , P) is 
an output sequence of permutative 
machine B with initial state a and input 
sequence P. Denote P j = x(j ), x(j + 1), ... 
for P = x(l), x(2), ... . 

10 


Lemma 2. If P = x{\), x(2), 
x(L), ... is periodic input sequence of 
permutative machine B = (X, E, 7, 

(f) xe x) With P eri ° d “( P ) alld if 
W(g, P) is period of machine B output 
sequence B(g, P) =y v y v ...,y L , ... then 
for any multigram with length L system 

- where MO, l, ■■■}, 

P' = P, d= (co(P), W(a(P))) always exist 
states sf +d , s* +hP ... of connected 

component 5(a,), which satisfies 


B(a, x p x 2 , ...,x L )=y l ,y 2 , -,y L = 
= B{vl i ,P'X = B{vt 2d , P l+M ) = 
= B(o*P'+X-- 


Lemma 2 Proof. Machine B is 
permutative so for any machine B state a 
and any periodic sequence P the output 
sequence B(g , P) = y p y 2 , ..., y L , ... is 
periodic. 

Denote go (P) = go, W(g, P) = W 
further in this proof. It’s evident that if 
(w, W) = w then lemma 2 is true. 

Assume that (w, W) = d x w. Let k is 
non-negative integer. In according to 
lemma 1 there are integers n( 1), n( 2) 
satisfied kn(\)w - kn(2)W = kd. So 

B(g, P) = B(g, P ! ) = 

= B(g, p kd ~ kd+l ) = 

pd -kn(\)w+ kn(2)W +\^ 

= B(g, p kd+kn ^ w+1 y (l) 

Let’s choosenaturalnumbem (3) 
which fulfisthe condition w\n(2) + n( 3) 
andre write (1) (notethat w(P kd+l ) = w): 


B(g P kd + kn ^ w+1 ^ = 

= B(h xl 


x(kd+kn(2)W+n(3)W)-” 


► ... h. 


,l x( < kd+kn{2)W +\ ) 

B(H x(lrdl ^ 


a pkd+n(2)W+n(3)W+l^ _ 


x(kd+n(2)W+n(3)W)" 
[ x(kd+n(2)W+l) C 


... P kd+l ). 


Evidently, the state 


®kd+l ^x(kd+n(2)W+n(3)W)’ ’ x(kd+n(2)W+\)^ 


belongs to machine B connected 
component B(g). So existence of the 
states 5 *, ..., s* , and machine B 

d+V ’ kd + 1 

connected component B(g) satisfied 

B(cy,P) = B(a d+l ,P <d+l> ) = -^ 

^... = B(G u ^P md+,) ) 
is proven. Solemma 2 isproventoo. 

Let’s prove theorem 1. In order 
to apply lemma 2 to 5* permutation 
s t , t e {1, 2, ...} (generated from input 


sequence Q = 1,2, ..., N- 1, 0, 1, 2, ...) 
sequence period research we will review 
permutation s t , t e {1, 2, ...} sequence 
of machine 5* generated from input 
sequence Q = 1, 2, ..., N- 1, 0, 1, 2, ... 
as output sequence of machine B* 
differed from machine 5* only by 
partial output functions {F) x&x , FJj , s) = 
= s ° (s(x), s(j 0 (s(x))) for any 
permutation s e S N . Let’s review internal 
states sequence 

b;\(o,s 0 ),q)= 

of machine 5* generated from initial 
state (0, s Q ) and input sequence 
2=1,2, ..., N - 1, 0, 1, 2, ... with a 
period of N. Note that there is a shift 

(B’ F ((0,s 0 ),Qy) v =s r ,s r+1 ,...= 

= s 0 ,s l ,s 2 ,...,s y ,... 

of 5* output sequence 

B' F ((0,s l) ),Q) = s l ,s 2 ,...,s r ... 

which generated from initial state (J, s ) 
and input sequence Q N 1 = 0, 1, 2 ... 
because 

(B*;((o,s 0 \Q)y = 

= U,0,U +1 ,SyJ,...= 

=b;u v ,s v ),q n -')= 

= (0,So),(y'i^ 1 ),(y' 2 ,5 2 ),-,0' T ,5 T ),- 

Evidently sequence B^( 0, s Q ), Q ) 
period W equals its shift B^(j\ s), Q N l ) = 
= s Q , s v s 2 , ..., s , ... period. Denote 
go = N = 2 n , d = 2 m , L = 2. Assume that 
( 2 n , W) = 2 /w , m < n. Applying lemma 2 
to sequence 

B;((j,s),Q N - > ) = s 0 ,s l ,s 2 ,...,s y ,..., 

we can see, that for any bigram from 
sequence Q N x = 0, 1, 2, ... like (0,1); 
(g/, 1 +d); (2d, 1+2 d); ...; (kd, 1 +kd); 
... where d = 2 m will be found states 
(/* s% V*. S* d ), ..., (j* M , s*), ... of 
connected component B^( 0, s Q ) satisfied 

B f ((J,s), 0,1) = s g ,s I , 

B' F ((f d ,s' d \d, \ + d) = s r> ,s l , 

(2) 

+ kd) = 5 0 ,5„ 

k e {1,2,...}. 

From (2) weget: 

^ kd(Jkd’ S 0 ) = 

= ^0 ° (^0 0 + M), (s 0 (f kd 0 (1 + kd))) = s x ; 
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s 0 °(' s o( 1 )’' s o(' s o( 1 ))= So: 

= *0 0 (^ 0 ( 1 + kd),(s u (j u © i 0 (l + kd))), ] = ® ,s 0 (l + kd)', 

(•s 0 0). s 0 («o (!)) = s 0 (1) = 1 + kd. ' J 

(•s 0 (l + kd),s 0 (j hl © .v 0 (l + kd))). Equality (3) is possible just i 

If kd is not a multiple of N then from ( j = 2 -'. So the assumption (2", W) = 2 m 


References: 

1. Schneier, Bruce / «Applied 
cryptography Second Edition : protocols, 


Equality (3) is possible just if algorithms, and source codes in C»/ 1996 


last equality we get: 

Sq (1) — s 0 {Jm 0 (1 + kd)), 

s 0 (s 0 (l)) = s 0 (l + kd). 


m < n is possible just if s (1) = l+2 n_ 


The theorem is proven. 


2. Rivest,Ron L. «Ronald L. Rivest : 
FAQ» / MIT Computer Science and 
Artificial Intelligence Laboratory. 
http://people.csail.mit.edu/rivest/faq. 
html#RonM. (30.08.2012). 


national Scientific Congress International Scienti 


fic Congress In 
Brnational 
fic CWA Vss 


ntific Congress In 
,£yi/ional Scienti 
^ CcVess In 
\na 0 cienti 


INTERNATIONAL SCIENTIFIC 

CONGRESS 


Multisectoral scientificzmiolyticm forum IQL 
professional scientists and practitioners 


rnational Scientific Congress International Scientif 
: ic Congress International Scientific Congress Inte 
rnational Scientific Congress International Scientifi 
c Congress International Scientific Congress lnt€ 
national Scientific Congress International Scientifi 
c Congress International Scientific Congress Inte 
national Scientific Congress International Scientifi 
c Congress International Scientific Congress Inte 
national Scientific Congress International Scientific 
Congress International Scientific Congress Inte 
national Scientific Congress International Scientific 
Congress International Scientific Congress Intel 
national Scientific Congress International Scientific 
Congress International Scientific Congress Inter 
ational Scientific Congress International Scientific 
Congress International Scientific Congress Inter 
ational Scientific Congress International Scientific 
Congress International Scientific Congress Inter 
ational Scientific Congress International Scientific 


Main goals of the I ASHE scientific Congresses: 


Promotion of development of international 
scientific communications and cooperation of 
scientists of different countries; 


Promotion of scientific progress through the 
discussion comprehension and collateral 
overcoming of urgent problems of modern science 
byscientists of different countries; 


Active distribution of the advanced ideas in various 


fields of science 


For additional information 
please contact us: 

www: http://gisap.eu 
e-mail: congress@gisap.eu 




GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


Ky/jpflBijeB A.B., 

^cmeHT, 

BBicmaa niKOJia 
coiinajibHbix TexHOJiornH , 
JlaTBH^ 

YHaCTHHK KOHC|)epCHUHH, 
HaanoHajiBHoro nepBeHCTBa 
no HaynHon aHannTHKe 


OCHOBBI MATEMATHKH - flOTMA HJ1H nAPA^HrMA? 


PaccMampueaemcH eonpoc npueedenun nepeoocnoe MameMamuKu e coomeemcmeue c coe- 
peMenubiMU HaymibiMU npedcmaenenuRMU 06 ocnoeax Mupo3danun. OGcyjfcdaemcn censb kjuo- 
neeux npodneM MameMamuKu c npimeiweMbiMU 6a3oeuMU nounmuRMu: nenpepbienocmbTO, 
decKOHeHHOcmbTO u uyjieM. 

KjiiOHeBbie cjiOBa: ochobbi MareMaTHKH, HenpepbiBHOCTB, decKOHenHOCTB, HyjiB, ^oma, 
napa^Hma, 3aKOHBi MHp03£aHHa. 

The issue of matching of fundamental principles of mathematics in compliance with modern 
scientific view on the fundamental principles of Universe is being considered. The connection of 
key issues of mathematics with its basic notions (continuity, infinity and null) is being discussed. 

Keywords: basis of mathematics, continuity, infinity, null, dogma, paradigm, the Laws of 
Universe. 


BeeAemie 

Ka3anocB 6 bi, bccm noHarao, hto ne- 
noBeK Ha^eneH pa3yMOM n /japOM TBop- 
necTBa, HanpHMep, oh MoaceT eo3^aTB 
KOMnBiOTep. Hhkto He CTaHeT yTBepac- 
£ aTB odpaTHoe: hto KOMnBiOTep eno- 
eodeH eo3^aTB CBoero aBTOpa. rioneMy 
ace Tor/ja MHorHMH OTpHijaeTca eaMoe 

JIOrHHHOe 06b5ICHeHHe B03HHKH0BeHHa 

Mnpa h noAzjep^KHBaioTca {j)aHTacTH- 
necKHe rHnoTe3Bi o «6 ojibihom B3pBiBe», 
«nepBHHHOM 6yjiBOHe», o nponcxoac/je- 
HHH BBICmHX (j)OpM MaTepHH (C03HaHH5l) 
H3 HH3mHX? 

Kaac^Bifi coniacHTCfl c TeM, hto pa- 
3yM nejiOBeKa BBime pa3yMa jkhbothbix. 
Othcto ace Tor/ja MHorne He aceaaiOT 
/jaace ^onycTHTB bo3mo)khoctb cymecT- 
BOBaHHtf Bbiemero Pa3yMa, npeBBimaio- 
mero pa3yM neaoBeKa? 

Cefinac icaac^Bifi ocBe^OMjieH o cy- 
me CTBOBaHHH HeBH^HMBIX o6bCKTOB 
H 3HepTHH TOHKOfi npHpO^BII BHpyCOB, 
aTOMOB, 3JieKTpOHOB, pa^HOBOJIH, pa- 
flnoaKTHBHOCTH... Hto ace Tor^a Merna- 
eT ^onycTHTB mbicjib o cymecTBOBamui 
CBepX TOHKHX (bBICIHHX) MHpOB, B KOTO- 
pBix h odHTaeT BBicmufi Pa3yM? 

HaHBHo ^yMaTB, hto orpOMHoe hhc- 
jio mo^efi, He ^onycKaiomHx mbicjih 
O CyiljeCTBOBaHHH BBICmHX MHpOB (to 
ecTB npocTpaHCTB BBicmefi pa3MepHoc- 
th), ^eficTByiOT no hbhm-jih6o yKa3aHH- 
M, BonpeKH codcTBeHHBiM ydeac/jeHuaM 
h coBecTH. CoBepmeHHo ohcbh/jho, hto 
B ee 3 th jiio/jh npH^ep^cHBaioToi areHC- 
THHeCKHX B3TJI5I^OB 6e3 npHHyac/jeHHa, 
HCKpeHHe Bepa b hx hcthhhoctb. 

Tor/ja hto ace npHBejio Bcex 3thx 

JHO^eH K CTOJIB CTpaHHBIM, MHOTHX, 
ydeac/jeHHaM? 

npHHHH 3TOMy, HaBepHOe, MOaCHO 
Ha3BaTB HeMajio, ho BaacHefimefi H3 hhx, 
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no MHeHHio aBTOpa, aBaaeTca npodae- 
Ma AOTMaTH3Ma, KaK B peJIHTHH, Tax H B 
Hayxe [1]. Hayxe b coBpeMeHHOM MHpe 
3acayaceHH0 npHHa/jaeacHT CTaTye Ha- 
ndoaee aBTOpHTeTHOH h bjih^tcjibhoh 
CHJIBI odmeCTBa, n03T0My OCTaHOBHMCa 
Ha npodaeMe hmchho HaynHoro /jorMa- 
TH3Ma. 

1. B njieHy apeBimx hjijih)3hh 

H3 HH^HHCKOH peJIHTHH, (J)HJ10C0(J)HH 
h xyjiBTypBi HiHpoKO H3BecTHO Taxoe no- 
HiiTHe, xax Mafia (bh^hmoctb, Haai03Ha 
- eaHCKp.), BBiCTynaioiBee chhohhmom 
HT pBI BOOdpaaceHHa, HJIJIK)30pH O CTH 

Bcero BoenpHHHMaeMoro h mbicjihmoto, 
3aBecBi, 3aKpBiBaioiBefi ot HenoBenec- 
koto B30pa BBicmyio cymHOCTB dbiraa 
H ^efiCTBHTeJIBHBlfi CMBICJI odBI^eHHOTO 
cymecTBOBaHHa. 

^pyrHMH cjioBaMH, hcthhhoc yc- 
TpoficTBO Mnpa CKpBiTO ot nejiOBeKa, 
no3Haiomero Mnp, a ero TeKyiipie npe/j- 
CTaBjieHHa o Mnpe HJUH030pHBi, to ecTB, 
^ajieKH ot hcthhbi. CKa3aHHoe cnpaBe^- 
JIHBO OTHOCHTeJIBHO BCeX (j)OpM no3Ha- 
HHa Mnpa, b tom HHCJie, cnpaBe^jiHBO h 
no OTHomeHHK) k Hayxe. 

O^HaKO Hayxa (b otjihhhh ot pe- 
jihthh, HanpHMep) cnocodHa ycnem- 
ho npeo^oneBaTB HeeoBepmeHCTBO 
codcTBeHHBix npe£CTaBneHHfi o Mnpe, 
nocToaHHo HaKanaHBaa HOBBie 3Hamia, 
ocMBicnHBaa hx h odHOBaaa ycTapeB- 
mne HayHHBie KOHH,eni],HH h TeopHH 
Ha HOBBie, donee tohho coraacyiomH- 

eca C nOCJie^HHMH 3MnHpHHeCKHMH 
^aHHBIMH. 

npH 3 tom ot HayKH MoaceT noTpedo- 
BaTBca xaK He3HaHHTejiBHaa, nacTHHHaa 
KOppeKTHpOBKa TeOpeTHHeCKHX nOJIO)Ke- 
HHfi, Tax h Kap^HHaaBHoe, to ecTB npn- 
HUHnnaaBHoe hx odHOBaeHHe BnaoTB 


ro CMeHBi HayHHofi napa/jHTMBi. Pa3yMe- 
eTca, hto npH OTcyTCTBHH aiodoro ne- 
pecMOTpa ycTapeBmnx npe^CTaBaeHHfi 
o Mnpe, npoBecc HaynHoro no3HaHHa 
BBip05K^aeTca b cboii aHTHno^, nan b 

^OTMaTH3M. 

BonmoruHM npHMepoM HaynHoro 
,zjorMaTH3Ma MoryT cayacHTB nepBOOCHo- 
bbi MareMaTHKH, KOTopBie He nepecMaT- 
pHBaancB h He KOppeKTHpOBaancB ^Be 
c noaoBHHofi TBicann aeT, to ecTB c Tex 
^peBHHx BpeMeH no3anpomaofi 3noxn, 
Kor^a 3eMaa CHHTaaacB ijeHTpOM Mnpo- 
3^aHHa h y^epacHBaaacB ot na^eHHa th- 
raHTCKHMH MH(J)HHeCKHMH 5KHBOTHBIMHI 

nepenaxofi, caoHaMH, KHTaMH. Ochobo- 
noaoacHHK $Haoco(J)HH Oaaec b Kanec- 
TBe Taxofi onopBi BH^ea ecTecTBeHHBifi 
odneKT - MHpoBofi oxeaH. AHaKCHMeH, 
AHaKcarop, JleBKHnn CHHTaaH 3eMaio 
naocKofi h KBa/jparaofi. AHaKCHMaH^p 
noaaraa, hto 3eMaa HMeeT (j)opMy i^h- 
aHH^pa h Haxo/prrca b ijeHTpe BceaeH- 
Hofi de3 Kaxofi-ando onopBi. 

IIoHaTHO, hto y aio^efi Tofi ^peBHefi 
3noxH He dniao hh TeaecKonoB, hh mhk- 
pocKonoB; ohh He 3Haan hh o KBaHTax, 
hh od 3aeKTpOHax, hh od aTOMax, no3- 
TOMy Bee npe^MeTBi npe^CTaBaaaHCB 
HM enaOHIHBIMH, to ecTB HenpepBiBHBi- 
MH. Hm He dbiaH H3BeCTHBI HH 3aKOHBI 
^naaeKTHKH, hh 3aKOHBi coxpaHeHHa, 
hh 3aKOHBi ^BHaceHHa, j\2l h caMHx HayK 
Tor,na erqe He cymecTBOBaao. IIo3TOMy 
MBicaHTean toto BpeMeHH HaHBHo noaa- 
raan, hto nncaoBaa ocb npaMoaHHefiHa, 
HenpepBiBHa h decKOHenHa, a aiodofi ee 
0Tpe30K M05KH0 deCKOHCHHO ^eaHTB Ha 
Haem BnaoTB ^o ero noaHoro BBipoac^e- 
HHa b hhhto, to ecTB b de3pa3MepHyio 
TOHKy, nan HyaB. CaM MHp npH 3tom bh- 
/jeaca ^peBHHM aio^aM, HMeioiqHM Bce- 
ro anmB TpH H3MepeHHa (pnc. 1, a). 





Phc. 1 . Tpn CTOJina b ocHOBaHHH TpexMepHOH: a) h MHoroMepHOH; 6) MaTeMaTHKH 


CnpaBe^jiHBOCTH pa/jn Ha^o otmc- 
THTb, HTO BeJIHHanniHH MBICJIHTeJIb Toro 
BpeMeHH - 3eHOH 3 jichckhh (V bqk #o 
P.X.) He TOJibKO oco3HaBaji a6eyp,zjHOCTb 
Aoraara Occkohchhocth h H 5Ke c Hen, 
ho h cyMeji ocTpoyMHO o6ocHOBaTb CBoe 
MHeHHe nepe3 Tax Ha3biBaeMbie anopHH, 
hjih napa^OKCbi [2]. 

O^HaKO MareMaTHKa He npnejiy- 
HiaJiaCb HH K KpaCHOpeHHBbIM flOBO^aM 
3eHOHa, hh k npe/jocTepe)KeHH5iM Apnc- 
Torejra. Bojiee Toro, OHa He 3a,ayMajiacb 
o nepecMOTpe cbohx ochob hh nocjie 
o6Hapy)iceHH5i HapymeHHH npHHijHna 
COH3MepHMOCTH OTpe3KOB, HH npH B03- 
HHKHOBeHHH npo6jieMbI 6eCKOHeHHO 
Majibix b ^H(J)(J)epeHpHajibHOM hchhcjic- 

HHH, HH, £a)Ke, B CBH3H C nOUBJieHHeM 
napa^OKCOB TeopHH 6ecKOHeHHbix mho- 
}KecTB KaHTOpa. 

^ajiee, bmccto Toro, hto 6 bi npHBee- 
TH OCHOBbI MaTeMaTHKH B COOTBeTCTBHe 
c OTKpbiTHiiMH b /jpyrnx HayKax, npe- 
}K^e Bcero, b (J)hjioco(J)hh, KBaHTOBOH 
(j)H3HKe H aCTpO(j)H3HKe, 6e3Hafle)KHO 
ycTapeBHiHe MaTeMamHecKHe ^omara 
CTajiH npeno^aBaTbCii BceM 6e3 hckjho- 
neHHa Ha npOTJDKeHHH Bcex jieT yne6bi b 
niKOJie h nepByio nojiOBHHy cpoxa o6y- 
neHHa b By3e. 

CaMoe mq nenajibHoe bh^htch b tom, 
hto c BHe^peHHeM MaTeMaTHnecKHx Me- 
TO^OB HCCJie^oBaHHa 6yKBajibH0 bo Bee 
OTpacjiH HayKH, /jpeBHHe ^omara nojiy- 
hhjih CBepx niHpoKoe paenpocTpaHeHHe 
H KOCBeHHO (Ha ypOBHe n0£C03HaHHH) 
3aJI05KHJIH OCHOBbI «HayHHOTO» aTCH3Ma. 


^aHHbiii bwbo^ BbiTexaeT H3 toto (jiaK- 
Ta, hto ^orMaTbi HenpepbiBHocTH, Hyjra 
H 6eCKOHeHHOCTH He n03B0JHH0T ^a)Ke 
npH6jIH3HTbCH K nOHHMaHHIO MHOTO- 
MepHOCTH npocTpaHCTBa [3 ] h, cjie^o- 
BaTejibHO, yBH^eTb mccto Bora b peajib- 
HOM MHOrOMepHOM MHpe. 

Htoth 2,5 TbicaHejieTHero nepno^a 
npe6biBaHHa HayKH b OKOBax ^orMaTH3- 
Ma o6meH3BecTHbi: 

- Hayxa %o chx nop HMeeT #ejio hc- 
KJHOHHTeJIbHO c TpexMepHOH MO/jeJIbIO 
Mnp03AaHHa; 

- #o chx nop He eo3flaHbi a^eKBaT- 
Hbie Mo^ejiH npocTpaHCTB BbicmeH pa3- 
MepHOCTH; 

- Bee npouBjieHHa tohkhx MHpOB 
HayKOH jih 6 o OTpHijaiOTCn, jih 6 o 3aMaji- 
HHBaiOTca, jih 6 o 6e3^0Ka3aTejibH0 otho- 
caTCn k c(J)epe «HyzjecHbix» hbjichhh; 

- HayHHbie pa6oTHHKH HenpOH3 - 
bojibho (b cnjiy nojiyHeHHoro o6pa30- 
BaHM) CTaHOBUTCfl CTOpOHHHKaMH aTC- 
H3Ma; 

- npHBep}KeHIJbI peJIHTH03HbIX 
B3rjiH^0B no toh }Ke npHHHHe oOpeKa- 
iotch Ha cjienyio Bepy b Bbicmne ocho- 
bbi Mnp03^aHHa. 

2. U,ejib oiipaBibiBaei cpe^CTBa? 

U,ejibio MaTeMaTHKH, KaK bcakoh 
H ayKH, aBjineTca no3HaHHe 3aK0H0B 
MHpoB^aHHfl. MaTeMaTHKa CTpeMHTca 
K ,aOCTH}KeHHK) 3T0H IjeJIH C nOMOHJblO 
CBOHX CneiJH(j)HHeCKHX Cpe^CTB H MeTO- 
AOB Hccjie/jOBaHHn: aOcTparnpoBaHHeM 
H C03^aHHeM JIOTHHeCKHX MOfleJieH. 
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K 6ojibinoMy eo)KajieHHio, MaTeMa- 
THnecKoe a6cTparHp0BaHHe 6a3HpyeT- 
en Ha ycTapeBHiHx npe/jCTaBjieHHux o 
Mnpe. noaTOMy /jpeBHHe ^otmbi bxo/pit 
b npOTHBOpenne e eoBpeMeHHbiMH Hayn- 
HblMH ^aHHblMH H TCM CaMbIM OTKpbITO 

^eMOHCTpHpyioT npeHe6pe}KeHHe 3aK0- 

HaMH MHp03^aHHH, K n03HaHHK> KOTO- 
pbix MaTeMaTHKa ^oiDKHa CTpeMHTCu. 
OcTaHOBHMC^ Ha 3 tom no,npo6Hee. 

2.1. fl,orMa HenpepbiBHocTH (kohth- 
HyyM) 

MaTeMaTHKa ^ep}KHTCn 3a flpeMy- 
hhh ^omar HenpepbiBHocTH, npOTH- 
BOpenamHii HaynHbiM ^octh^cchh^m b 
o6jiaCTH XHMHH, (|)H3HKH, KBaHTOBOH 
MexaHHKH H HH^IOpMaTHKH, 5IK06bI pa,ZJH 
o6eeneHeHHa tohhocth BbiHHCJieHHH. 

B o6ocHOBaHHe 3Toro ^OBO^a npHBo/prr- 
CH npHMepbl BbiHHCJieHHH C 6eCK0HeHH0 
BbICOKOH TOHHOCTbK) 6eCK0HeHHbIX /JpO- 
6en, HppaijHOHajibHbix HHceji... Bhcjio n, 
HanpHMep, no coctouhhio Ha 2011 ro^ 
BbIHHCJieHO 3aneM-TO C TOHHOCTbK) ,zjo 
10 TpHJIJIHOHOB 3HaKOB. 3T0My HCB03- 
mo}kho ^aTb pa3yMHoe oOb^cHeHHe, 
noTOMy hto ^a>Ke pa3Mep Bccjichhoh b 
eaHTHMeTpax HMeeT nopn^OK MeHbine 
TpHOTaTH. 

rtpH 3TOM TmaTeJIbHO 3aMajiHHBa- 
eTCH TOT (jiaKT, HTO CaMH OeCKOHeHHbie 
flpo6n h Hppai^HOHajibHbie nnejia hb- 
JHHOTCH HHHeM HHbIM, KaK nop05K^eHH- 
eM HeBe)KecTBeHHbix npe^CTaBjieHHH 
^peBHHx jiio^eii o hko 6 bi HenpepbiBHOM 
MHpe. OaKTHnecKH, coBpeMeHHan MaTe- 
MaTHKa H3ynaeT MHp TaKHM, KaKHM ero 
BH^ejin b ^ajieKoii flpeBHOCTH. B nacT- 

HOCTH, MHp 3TOT TpeXMepeH, B HCM HCT 
MeCTa TOHKHM npOCTpaHCTBaM BbICHIHX 
pa3MepHOCTeii h, KaK cjie^CTBHe, b hcm 
HeT MecTa Bory. 

HeeocTonTejibHOCTb ,aoBo^a o toh- 
hocth HenpepbIBHOH MO^eJIH BbiHHCJie- 
HHH ceiiHac noH^THa ^a)Ke HiKOJibHHKy 
MJia^HIHX KJiaCCOB, KOTOpOMy ^OBeJIOCb 
xot^ 6bi pa3 epaBHHTb KanecTBO aHa- 
jioroBoii (HenpepbiBHoii) h pnijipoBOH 
(^HCKpeTHoii) TexHOJiorHH nepe^aHH 
HH(J)opMaiiHH, HanpHMep, b cb’^h, 
3ByK03anHCH, TeJieBH^eHHH, B (j)OTO H 
KHHOCbeMKe. ^pHailHIHM npHMepOM 
6yaeT epaBHeHHe tohhocth HenpepbiB- 
HOH JIOrapH^MHHeCKOH JIHHeilKH (2 3Ha- 
Ka) C TOHHOCTbK) ^HCKpeTHOrO KaJIbKy- 
JIUTOpa (20 fleCHTHHHblX 3HaKOB). 

fl,orMa HenpepbiBHocTH npHMena- 
TejibHa eme h tcm, hto OHa nopo^aeT 
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npe/jCTaBjieHHe o po/jCTBeHHBix mhiJih- 
necKHx nomrrmix, xax-To: noTeHimajiB- 
HOH 6eCKOHeHHOCTH (HE), aKTyaJIBHOH 
6ecKOHeHHOCTH (AB) h Hyjie. Cne^OBa- 
TejiBHO, florMa HenpepBiBHOCTH xocbch- 
ho OTBeTCTBeHHa Tax>xe h 3a Bee Te Ha- 
pymeHHa 3aKOHOB MHp03^aHna, k xoto- 
pBiM npHBO^HT ncnojiB30BaHHe b Hayxe 
npOH3BO^HBIX no OTHOmeHHIO K Henpe- 
pBiBHOCTH nOHHTHH (IIB, AB H Hyjin). 

2.2. florMa iioieiimiajihiion 6ec- 

KOHeHHOCTH 

Uor noTeHi^HajiBHOH 6ecKOHenHoc- 
TBK) nOHHMaiOT HHHCM He OipaHHHCH- 
Hoe npHMeHeHHe Kaxoro-jiHGo npaBHjia 
((JlOpMyjIBl), HJIH npHHLJHna Rim bbi- 
HeceHHH yM03aKJHOHeHHH O pa3BHTHH 
toto jih hhoto npoi^ecca b 6 y/jymeM. 
Taxon no^xo^ nojiHOCTBio HTHopHpyeT 
Ba5KHeHHIHH 3aXOH ^HaJieKTHKH - 3aXOH 
nepexo/ja xojiHnecTBeHHBix H3MeHeHHH 
b KanecTBeHHBie. Hmchho 3a 3 to TerejiB 
Ha3BiBaji noTeHinHajiBHyio OeexoHen- 
hoctb «/jypHOH». Pa3yMeeTCn, b ,np eB ~ 
HeM MHpe He 6 bijio h3bcctho o 3axoHax 
AHaJieKTHKH, O^HaKO no Heo6B5ICHHMBIM 
npHHHHaM ^aHHan ^orMa 6e3 xaxnx- 
jih6o oroBOpOK /jo chx nop aBJineTCn 0£- 
HHM H3 6a30BBIX nOHUTHH COBpeMeHHOH 
MaTeMaTHKH. 

Ha npocTOM npHMepe noxa)xeM 
HenpaBOMepHOCTB HeorpaHHneHHBix 
XOJIHHe CTBeHHBIX H3MeHeHHH, TO eCTB 
a6eyp^HOCTB eaMOH H^en nB. npe^CTa- 
bhm He6ojiBHiHx pa3MepoB $H3HHeCXOe 
Teno: 6ycHHxy, opex, aOjioxo. Mbicjich- 
ho yBejiHHHB pa3Mep Tejia b cto mhji- 
jihohob pa3, mbi npHjjeM x MacniTa6y 
He6ecHBix Ten - 10 8 cm. Hmchho Taxon 
pa3Mep eooTBeTCTByeT Hamen nnaHeTe 
(Ta6ji. 1). YBejiHHHB pa3Mep nnaHeTBi 
b cto mhjijihohob pa3, mbi nepeimeM x 
MacniTa6y 3Be3^HBix chctcm - 10 16 cm. 
^ajiBHenmee yBejinneHne pa3MepOB 
b cto mhjijihohob pa3 npHBe/jeT Hac x 
rajiaxTHnecxHM CHCTeMaM (10 24 cm) h, 


^ajiee, - x MacniTa6y BcejieHHOH b ije- 
JIOM (10 32 cm). 

H,H(j)pBi, (jiHrypHpyiomHe b npHMepe 
[4], OTpa)xaiOT nopn^ox pa3MepoB pae- 
CMOTpeHHBIX o6BeXTOB BH/THMOH 

nacTH BcejieHHOH. JIothhho 6y^eT no- 
nBiTaTBcn BBinBjieHHyio aHajiormo epe- 
^H o6BeXTOB BH^HMOTO MHpa MBICJieHHO 
paenpo CTpaHHTB h b CTOpOHy yMeHBHie- 
hhh pa3MepoB, to ecTB Ha o6bcxtbi He- 
npoaBjieHHoro MHpa, b tom rnicjie, h Ha 
o6bcxtbi noxa He npH3HaHHBix o(J)hijh- 
aJIBHOH HayXOH MHpOB TOHXOH H CBepX- 
TOHXOH CTpyXTypBI. 

H 3 Ta6jiHi^Bi bh/jho, hto jno6oe 
H3MeHeHHe pa3MepOB Ha 8 nopmjxoB, 
Bcerna npHBO^HT x xapnHHajiBHBiM xa- 
necTBeHHBiM nepeMeHaM. HanpHMep, H3 
MHxpOMHpa mbi nona/jaeM b MHp Bemen, 
a H3 MHpa npe^MeTOB nona^aeM b MHp 
xocMHneexHx Teji h Tax ^ajiee. Cjie^e- 
TBHeM xane CTBeHHBix nepeMeH hbjiuctch 
to, hto Ha xa>x^0M hobom ypoBHe pae- 
CMOTpeHHn MaTepHH nepecTaiOT BBinoji- 
hutbch o/jhh 3axoHBi h BCTynaiOT b enjiy 
/jpyrne 3axoHBi MHp03^aHHn. 3aBep- 
maeTcn o/jhh ijhxji pa3BHTHn npoijecca 
h HanHHaeTcn hobbih ijhxji, hjih bhtox 
enHpajiH pa3BHTHn. 

2.3. ,U,orMa aKTyajibHoii 6ecico- 
HeHHOCTH 

Ecjih eymecTBOBaHHe nB npe/jno- 
jiarajiocB b 6y/jymeM, to AB hxo6bi ey- 
mecTByeT b HacTonmeM BpeMeHH. 3 to 
«cbohctbo» no^nepxHBaeTcn eaMHM 
TepMHHOM «axTyajiBHan». Ho b TaxoM 
ejiynae, HenpeMeHHBiM yejiOBHeM cy- 
me CTBOBaHHn AB OyzjeT eoBMemeHHe 
Hsyx HeeoBMecTHBix noHnTHH: «HacTOn- 
m;ero» h «6ynymero». 

Taxoe ny/jo bo3mo)xho jihhib npn 
yejiOBHH Hcne3HOBeHHn eaMoro noHaTHH 
«BpeMeHH». O^Haxo 3to He Tax: MHp, 
no3HaHHio 3axoHOB xoTOporo npH3BaHa 
enoeo6cTBOBaTB MaTeMaraxa, eymecT- 
ByeT bo BpeMeHn! C Hcne3HOBeHHeM 


Tafijimja 1 


1. 

3jiexTp0H 

10" 16 CM 

2. 

Atom 

10 -8 CM 

3. 

BycHHxa 

10° CM 

4. 

3eMjia 

12,710 s cm 

5. 

3Be3nHaa CHCTeMa 

10 12 ... 10 17 CM 

6. 

rajiaKTHHecxaa CHCTeMa 

1 0 24 CM 

7. 

MeTarajiaxTHKa 

10 28 CM 

8. 

BcejieHHaa 

10 32 CM (?) 


5 xe BpeMeHH HeMe/jjieHHo npexpaTHTca 
npoTexaHHe Bcex npoiieeeoB cmchbi 
coctouhhh MaTepHH/ 3 HepTHH, hto npH- 
Be/jeT x Hcne 3 HOBeHHio Bcex (JiopM h bh- 
,qoB ^BH5xeHHa [5]. 

TaxHM o6pa30M, eymecTBOBaHHe 
AB He coBMecTHMO e eymecTBOBaHHeM 
BcejieHHOH. 

2.4. ,U,orMa 6e3pa3MepHoii tohkh 
(H yjia) 

MaTeMaTHneexan Tonxa, hjih «HyjiB» 
nBjineTca npaMBiM nop05x#eHHeM noHn- 
TH H «6eCXOHeHHOCTB». H3 ^OnyCTHMOC- 
th nB ejie^yeT ^onycTHMOCTB 6eexo- 
HenHoro ^ejieHHn OTpe3xa (hhcjioboto 
HHT epBajia). H3 npe^nojioixeHHn B03- 
mo}xhocth cymecTBOBaHHa AB BBiTexa- 
eT bo3mo>xhoctb 3aBepmeHHn npoiieeea 
6eexoHeHHoro ^ejieHHn 0Tpe3xa, to ecTB 
B03M05XH0CTB CymeCTBOBaHHa aXTyaJIB- 
HOTO «HHHTO». 

TaxHM o6pa30M, ^oma 6e3pa3Mep- 
hoh tohxh He tojibxo npennTCTByeT ,qe- 
jieHHio Ha HyjiB, ho h npHBO^HT x Hapy- 
HieHHio 3axoHa (npHHiiHna) coxpaHeHHa 
MarepHH/sHeprHH, noexojiBxy b pe3yjiB- 
TaTe axTyajiBHO 6eexoHenHoro ^ejieHHa 
OTpe3xa npOHCxo^HT ero nojiHoe Hcne3- 
HOBeHne H3 BcejieHHOH h npeBpameHHe 

B «HHHTO», HJIH B «HyjIB». 

nyTeM 3 JieMeHTapHBix bbihhcjichhh 
mo)xho noxa 3 aTB, hto y tkq Ha 30-m mare 
^ejieHHn OTpe 3 xa nonojiaM 6 y^eT no- 
jiyneH pe 3 yjiBTar, Ha 8 nopn^xoB mchb- 
me Hcxo^Horo. To ecTB 3 a 30 rnaroB (a 
BOBce He 3 a OecxoHemioe xojiHnecTBO 
maroB) e 0 Tpe 3 X 0 M np 0 H 30 H^yT xanee- 
TBeHHBie H 3 MeHeHHH H OH H 3 OTpe 3 Xa 
npeBpaTHTca b Tonxy. MaTepnajiBHBiH 
o 6 bexT, HanpHMep, h6jioxo, nocjie 30-th 
onepai^HH ^ejieHHn nonojiaM ^ocththct 
pa 3 MepOB aTOMa (to ecTB He^ejiHMOH 
MaTepHaJIBHOH tohxh). 

3. KaK nocTynHTb? 

fl,jm 3 anan TpexMepHoro MHpa mojx- 
ho Bee ocTaBHTB, xax ecTB, to ecTB pn- 
eoBaTB enjiomHBie jihhhh, onepnpOBaTB 
TepMHHaMH «HyjIB» H « 6 eCXOHeHHOCTB». 

O^HaXO npH 3TOM HeJIB3H BBO^HTB 
b 3a6jiy5x^eHHe mxojiBHHxoB h CTyaeH- 
tob; Ha^o o6bhchhtb hm, hto HyjiB - 3 to 
BOB ce He «hhhto», a He^ejiHMaa Tonxa. 
B $H3HHeCXOM MHpe HyjHO COOTBeTCTBy- 
eT aTOM (J)H3HHeCXOrO MHpa. B 3({)HpHOM 
MHpe - 3JieXTpOH. B aCTpaJIBHOM MHpe 
- acTpajiBHBiii aTOM h Tax ^ajiee. 
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Heo6xo/jHMO o6bjichjitb ynanpiMCJi, 

HTO « 6 eCKOHeHHOCTB» - JIHIHB yCJIOB- 
hoctb, hto Ha caMOM ,zjejie OHa KOHenHa. 
Eecnpe/jejibHoe noBBimeHHe «toh- 

HOCTH» BBIHHCJieHHH JIHHieHO CMBIC- 
na, nocKOJiBKy o6bihho npH kojihhcc- 
TBeHHBIX H3MeHeHH^X Ha 8 nOpfl/JKOB 
HacTynaiOT KanecTBeHHBie nepeMeHBi, 
h pacneTHBie (jiopMyjiBi Tpe6yiOT o6n- 
3aTejiBHon 3aMeHBi b CHjiy Toro o6cto- 
aTejiBCTBa, hto BCTynaiOT b /jeficTBHe 
coBepmeHHO ^pyrne 3aKOHBi Mnp03£a- 

HHJL 

JIio6oe hhcjio He H3MemieTca ot 
,H o6aBjieHHa (y^ajieHHa) Hyjia, to ecTB 
O/JHOH TOHKH, HJ1H aTOMai 

x ± 0 = x. 

TaKHM o6pa30M, BBIHHCJieHHH M05K- 
ho ocymecTBjunB c tohhoctbio /jo o/j- 

HOH TOHKH, HJIH aTOMa. 

Pe3iOMe 

Ecjih TpexMepHaa aHajioroBaa 
«Tponija» (pnc. 1, a) HBJineTCH HenpH- 


KOCHOBeHHOH /JOTMOH, TO B TaKOM CJiy- 
nae MaTeMaTHKy Ha/jo H3ynaTB h noKjio- 
hhtbch efi b ijepKBH, a He b niKOJie! 

Ecjih tkq 3Ty «Tpomjy» mojkho Bce- 
TaKH npH3HaTB HayHHOH napa^HTMon, to 
H e nopa jih, HaKOHeu,, paccMOTpeTB Bon- 
poc o ee 3aMeHe coBpeMeHHOH h 6ojiee 
a^eKBaTHOH MHoroMepHon ^HCKperaoH 
TpOHKOH (pHC. 16)? 

XoneTcn Ha^enTBCn, hto /jajiBHeii- 
mee pa3BHTHe co6bithh non/jeT no bto- 
pOMy eijeHapHio; ochobbi MareMaTHKH 
nepecTaHyT npe6BiBaTB b CTaTyce cbh- 
meHHBix /jomaTOB h o6peTyT /jojito- 
}K^aHHBiii CTaTye HayHHOH napa^HTMBi. 
MareMaTHKa }Ke H3 hkohbi h npe/jMeTa 
KyjiBTa (ijapmjBi Hayx) CTaHeT npocTO 
MeTaHayKOH, npe/jocTaBjiniomeH cboh 
yHHBepcajiBHBiii annapaT h mcto/j hc- 
cjie^OBaHHa BceM /jpyrHM HayxaM. 

JlHTepaTypa: 

1. AjieKcanap Kotjihh. Hayxa 
- a(J)opH3MBi. - [3jieKTpoHHBiH pecypc] - 
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www.akotlin.com/index. 
php?see= 1 &lnk=4_0 1 

2. PyejiaH Xa3ap3ap. AnopHH 3e- 
HOHa. - [3jieKTpoHHBiH pecypc - http:// 
warrax. net/8 8/zenon. html 

3. KyzjpHBijeB A.B. A/janraipm oe- 
hob MaTeMaTHKH k 3a/janaM hoboh ano- 
xh // Theory and Practice in the Physical, 
Mathematical and Technical Sciences: 
Materials digest of the XXIV International 
Scientific and Practical Conference and the I 
stage of Research Analytics Championship 
in the physical, mathematical and technical 
sciences. - London, May 3-May 13, 2012. 

-pp. 18-21. 

4. CyxoHoe C.H. MacniTadHan rap- 
mohhh BeejieHHOH. - M.: Hobbih ijeHTp, 
2002.- 312 e. 

5. Ky/jpHBijeB A.B. Tpn apryMeH- 
Ta npoTHB aKTyajiBHOH Gcckohchhocth 
// Modem trends of scientific thought 
development: Materials digest of the 
XXIII International Scientific and 
Practical Conference. - London, April 
1 8 -April 23, 2012. -pp. 28-30. 
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MaMapanMOB M.T., 

KaH^. ne/j. HayK, 
K)5KHO-Ka3aXCTaHCKHH 
ne^arorHnecKHH 
yHHBepCHTeT, 

Ka3axcTaH 
YniTeHOB E.P., 
HH)KeHep-MexaHHK 
TOO «TajianKep-IOK», 
Ka3axcTaH 

Y HaCTHHKH KOH(})CpeHIXHH, 
HaanoHajitHoro nepBeHCTBa 
no HaynHon aHannTHKe, 
OTKptiToro EBponencKO- 
A3naTCKoro nepBeHCTBa no 
HaynHon aHannTHKe 


nPOBJIEMbl nPOCTBIX HHCEJI H TEOPEMA O KPHTEPHH 

npocToro hhcjia 

Mupoean naynnan odipecmeennocmb cuumaem pemenue npodneMbi npocmux nucen u auno- 
me3bi PuMcma o nynnx daema-cpynxnuu, mecno censannou c npocmbiMU hucjicimu, naudonee npu- 
omumenbiMU 3adauaMU coepeMennou nayxu. TaK, ffaeud rwib6epm, eucmynaemuu na Mejtc- 
dynapodnoM IJapuofccKOM MameMamuuecxoM xonepecce e 1900 eody c nodeedenueM umoeoe 
pa36umuH nayKu u paccMompenueM nnanoe na dydyipee, exmonun npodneMy npocmux nuceji e 
cnucoK 23 npodneM, nodnejfcaipux peuienwo e hobom cmojiemuu u cnocodnux npodeunymb na- 
yxy dajieKo eneped. OdnaKo nu npodneMa npocmux nucen, nu 2unome3a PuMcma 3a npomediuue 
100 Jiem He 6ujia pemena. Mupoean naynnan odipecmeennocmb cnumaem peiuenue npodneMbi 
npocmux nucen u 2unome3bi PuMana o nynnx daema-cpyuKipm, mecno cenaannou c npocmbiMU 
HucjiaMU, naudonee npuomumenuMU 3adanaMU coepeMennou nayxu. Tax, ffaeud runbdepm, ebi- 
cmynaemuu na MeofcdynapodnoM IJapuotccKOM MameMannmecKOM xompecce e 1900 eody c nod- 
eedenueM umoaoe pa3eumun nayxu u paccMompenueM nnanoe na dydyipee, exmonun npodnemy 
npocmux nucen e cnucox 23 npodneM, nodneofcau^ux pemenuio e hocom cmonemuu u cnocodnux 
npodeunymb nayxy danexo eneped. Odnaxo nu npodneMa npocmux nucen, nu 2unome3a PuMana 
3a npomedmue 100 nem ne 6una pemena. 


BeeaeHHe. 

Ha py6e)Ke bckob, no/jBO/jn hto- 
th, aMepHKaHCKHH HHCTHTyr “The 
Mathematics Institute” hm. Knea bkjiio- 
hhji rnnoTe3y PnMaHa b ojiny H3 7 npn- 

OpHTeTHBIX 3a^aH COBpCMCHHOCTH. 

rnnoTe3a PnMaHa CBJoaHa c npo- 
6jieMon pacnpe/jejieHHn npocTBix nnceji 
b HaTypanBHOM pime. J\o chx nop He 
ycTaHOBjieHa npocTan 3aKOHOMepHOCTB 
pacnpeAejieHHa npocTBix HHceji, HeT 3(j> 
4)eKTHBHoro MeTO^a onpe/jejieHHn npo- 

CTOTBI HHCJia, HeT yflOBJICTBOpHTCJIBHOH 
(JjOpMyjIBI KOJIHHeCTBa npOCTBIX HHCeJI, 
H B006me, eyMMa 3HaHHH O CBOHCTBaX, 
npH3HaKax, xapaicrepe noBe^eHmi npo- 
cTBix HHcen HBji;ieTC5i oneHB CKyzmoS h 
nOOTOMy HeT nOJIHOH KapTHHBI 3TOrO hb- 
neHHu. 3 to CBH3aHO b nepByio onepe/jB c 

HX HCKJHOHHTeJIBHOH CJI05KH0CTBI0. 

TeopeMa o KpHTepmi npocToro 
HHCJia. 

npe^CTaBjineM BaM Hamy TeopeMy 
O KpHTepHH npOCTOTO HHCJia, aBTOpBI 
- ynrreHOB EeceH6eK PncKyjiOBHH h 
M aMapanMOB Myxn^HH Tam6yjiaTOBHH. 
ABTOpCKOe CBHfleTeJIBCTBO 3aperHCTpH- 
poBaHHO b KoMHTeTe no npaBaM hhtc- 
neKTyajiBHOH eo6cTBeHHOCTH Mhhhc- 
TepCTBa k)cthh,hh Pecny6jiHKH Ka3axe- 
TaH 3a N° 067 ot 19.01.2012 tor. 

BHanane npHBe/jeM HanOonee Ba)K- 
HBie H3 npH3HaKOB H CBOHCTB npOCTBIX 
HHceji: 
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1 . BenKoe npocToe hhcjio, OojiBmee 
3, npe/jCTaBHMO b burg 6k + 1 hjih 6k-\, 
o6paraoe yTBep5K,aeHHe HeBepHoe. 

2. Ecjih p hhcjio npocToe, to p 1 - 1 
Kparao 24; o6paraoe yTBep5K^eHHe He- 
BepHoe. 

3. Ecjih jo-hhcjio npocToe, to BepHO 
cpaBHeHne: a tp(w) = 1 ( mod p ), ( a,m ) = 1, 
hto 03HanaeT, ocTaTOK ot ^ejieHHe 
fl <p(m) = 1 Ha p paBeH 1. (TeopeMa Oiijie- 
pa). OOparaoe yTBep5K/jeHHe HeBepHoe. 

4. Ecjih p hhcjio npocToe, to Bep- 
ho cpaBHeHne: aP~ l = 1 ( mod p ), ( a,p ) 
= 1, h a p = a(mod p), ( a,p ) = 1, hto 
03HanaeT, ocTaTOK ot ^ejiemni a p~ x Ha p 
paBeH 1, H COOTBeTCTBeHHO OCTaTOK OT 

flejieHHn a p Ha p paBeH a. (Majian Teo- 
peMa OepMa), OOparaoe yTBep5K,aeHHe 
HeBepHoe. 

Ectb h Apyrne KpHTepHH ( npH3Ha- 
KH) npOCTOTBI HHCJia H OHH HBJIHeTCH 
Heo6xO^HMBIMH yCJIOBHUMH, HO He £0 
CTaTOHHBIMH. 

Heo6xO^HMBIM H flOCTaTOHHBIM 
yCJIOBHeM npOCTOTBI HHCJia HBJHHOTCa 
b ochobhom #Ba KpHTepHH: TeopeMa 
BHJIBCOHa H MQTOJl Onpe^eJICHH^ HHCJia, 
ocHOBaHHBiH Ha pemeTe OpOToe^eHa. 

1 . TeopeMa BHJIBCOHa: Ecjih p npo- 
CToe hhcjio, to HMeeT MecTO cpaBHeHne 

{p - 1)! + 1 =0 (mod p). (1) 

Tax 5Ke enpaBe^jiHBa oOparaa^ Te- 
opeMa: Ecjih jjjm i^ejioro noji05KHTejiB- 
hoto p HMeeT mccto cooTHomemie (1), 
to p hhcjio npocToe, T.e. eejin eyMMa 


(p - 1)! + 1 flejiHTCn Ha p 6e3 ocTaTKa, 
TO HHCJIO p HBJIHeTCH npOCTBIM HHCJIOM. 

O^HaKo!... flejio b tom, hto ^a^e 
HeOojiBHiHx HHceji n, hhcjio (n- 1)! + 1 
oneHB OojiBmoe hhcjio! 

Ecjih 6bi mbi npn noMomH yxa3aH- 
hoto KpHTepHH 3axoTejiH 6 bi y3HaTB, 
HanpHMep, nBjiaeTca jih hhcjio 997 
npOCTBIM, TO Ha/JO 6BIJIO 6 bI npOBepHTB 
^ejiHMOCTB HHCJia 996! + 1 (hhcjio, co- 
#ep}Kamee 2556 ^cchthhhbix 3HaKOB) 
Ha 997. A npOBepHTB MHoro3HaHHBie 
HHCJia Ha npocTOTy ^a>Ke Ha coBpeMeH- 
hom KOMnBioTepe He npe^CTaBjiaeTC>i 
B03M05KHBIM. 

2. TaK5Ke BepHBiM cnoco6oM onpe- 
^ejieHHe HHCJia Ha npocTaTy nBjiaeTca 
^ejieHHe onpeAejiaeMoro HHCJia x Ha 
Bee npocTBie HHCJia pp p 2 ; p 3 ... p n < ^lx. 
Ecjih b pe3yjiBTare 3 thx onepai^HH He 
6y#eT nojiyneHO hh o^hoto HHCJia 6e3 
ocTaTKa, to 3to onpejjejnieMoe hhcjio 

X-UBJiaeTC^ npOCTBIM. 3T0T MCTO^ T05KC 
aBJiaeTCH TOHHBIM, ho He HMeeT npaK- 
THHecKoro npHMeHeHH^. B caMOM ^ejie, 
eejin onpe^ejiaeMoe hhcjio x hbji^ctc^ 
32-x ^ecaTH3HaHHBiM, to qto Heo6xo- 
p, hmo ^ejiHTB Ha Bee npocTBie HHCJia, 
MeHBHiHe ^lx. 3to KOJinnecTBO onepa- 
ijhh 6yaeT npHMepHO paBHO 

yjx 

InVx 

HTO 3HaHHT 60JIBm0e KOJIHHeCTBO AeJIH- 
Tejien c HHCJiaMH ^o 16 -th ^ccothhhbix 
IIH4)p. 



Ha ocHOBaHHH BbimeH 3 Jic»KeHHoro 
CHHTaeM BOCTpe 6 oBaHHon Harny Teope- 
My o KpHTepHH npocToro nncjia. 

TeopeMa o KpHTepHH npocToro 
HHCJia. 

nycTB n - HeneTHoe HaTypajibHoe 
HHCJIO. Heo6xO^HMbIM H flOCTaTOHHbIM 
ycjiOBneM npocTOTbi HHCJia n nBjraeTca 
ycuoBHe BbinojiHeHH^ cpaBHeHna: 

+1 = 0 (mod n), 

ffoKa3amejibcmeo. 

Ha ocHOBaHHH TeopeMbi BHjibcoHa: 
ecnH HMeeT MecTO cpaBHeHne; 

(n - 1)! + 1 = 0 {mod n), (1) 

to BepHO yTBep)KeHHe, hto hhcjio n - 
npocToe. 

npeo6pa3yeM hjich (n - 1)! b cjie/jy- 
khijhh bh/j: 

(« — 1)! = 1 - 2 - 3 - 4 — 1) = 



x... x {n - 4 )(n - 3)(n - 2 ){n - 1) = 
= l(«-l)(»-2)(»-3)(»-4)x 



= (n- 1)(2 n - 2 2 )(3 n - 3 2 )(4« - 4 2 ) x 



a 

1 

1 

2 ^ 

X 

X 




V v 7 

/ 


Tax KaK, HjieHbi, co,aep5Kam;He n, 
paBHbi HyjiK) no Mo^ynio n , to Bbipa5Ke- 
Hne (1) mo>kho 3anncaTb b BH/je: 


(-1).(-2 2 )-(-3 2 )-(-4 2 )x 
x...xf-^l +1 = 0 (mod n). (3) 


npeo6pa3yeM nocne^Hee BbipaiKe- 
Hne (3): 

(_l).(-l)2 2 .(-l)3 3 .(-l)(-4 2 )x 

x...x + 1 = 0 {mod n). (4) 

H OKOHnaTejibHo cpaBHeHne Bbiraa- 
flHT Tax: 


(- 1 ) 


n - 1 



+ 1 = 0 ( mod n). (5) 


nocne^Hee Bbipa^eHne (5) TaK)Ke 

M05KH0 npe/jCTaBHTb b BH^e: 


n — 1 

~Y~ 


! I = (-1) 2 ( mod n). (6) 


TeopeMa AOKa3aHa. 

CnedcmeuR U3 meopeMbi. 

H3 Hamen TeopeMbi mo 5 kcm nojiy- 
hhtb ^Ba pe3ynbTaTa: 

1. 



+ 1 = 0 {mod p). 


ecjin p = 4k + 1 , 

3tot pe 3 yjibTaT H 3 BecTeH KaK Teo- 
peMa B. CepnnHCKoro. 

2. 



1 = 0 {mod p). 


ecjin p = 4k + 3. 

BTopon pe3ynbTaT paHbine b tcxhh- 
necKon jiHTepaType He BCTpenajicn. 

nocjie/piee cpaBHeHne 3HanHT, hto 
{y - 1) {y + 1) = 0 {mod p ), me 



OTCio^a BbiTexaeT yTBep5K/jeHHe: 

3. 



= s p (mod p); e p =±1, 


Aim npocrax HHceji BH^a p = 4k + 3, 
r^e no jio}kht e jib hbih h OTpHijaTejibHbiH 
z p O^HOBpeMeHHO npH O^HOM H TOM 
5Ke npocTOM nncjie MecTO He HMeeT. 
npHMepbi noKa3biBaiOT, hto rjix o/jhhx 
npocTbix HHceji BbinojiHueTCn z p = +1 
h rjix jspyrux z p = - 1 . KpHTepHH npH 
KaKHX npOCTbIX HHCJiaX z p = +1 H npH 
KaKHx e = -1 noxa HaMH He ycTaHOB- 
jieH, BepoaTHO, hto o6a cjiynan 6yzjyr 
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BCTpenaTbcn OecHHCJiemioe mho^ccctbo 
pa 3 . 


3aKjiioHeHHe. 

MeTO/j ocHOBaHHbiH Ha perneTe 3 po- 
Toc^eHa npe^nojiaraeT /jejieHHe /jamio- 
ro HHCJia x Ha Bee npocTbie nncjia < ^lx h 
noTOMy oh He npaKTHneH. 

TeopeMa JleilOHHiia ^kthhcckh 

BMBO/JHTCH H 3 TeopeMbi BHJIbCOHa H 

noBTOpneT ee. 

TeopeMa B. CepnHHCKoro HMeeT He- 
/JOCTaTOK HTO OHa ^eHCTBHTeJIbHa TOJIb- 

ko Ha nncjia BH/ja 4k + 1 , Ha nncjia BH/ja 
4k + 3 OHa He npHMeHHMa. 

B OTjiHHHe ot 3 thx TeopeM Hama 
TeopeMa KpHTepmi npocToro nncjia 
nBjineTca 6 ojiee nporpeccHBHOH, neM 
Bee npe^bmymne h OHa OTjiHHaeTCn ot 
T eopeMbi BHjibcoHa, hto b Hen b 2 pa 3 a 
MeHbme coMHO)KHTejieH, h cootbctc- 
TBeHHO b 2 pa 3 a MeHbme onepai^HH no 
onpe^ejieHHio npocToro nncjia. 

JlHTepaTypa: 

1. BHHOipa^OB H.M. Ochobbi Teo- 
pHH HHceji. TLmarejibCTBO «JIaHb», 2009 r. 

2. TnTMapm E.K. Teopmi £ 3 eTa- 
(^yHKH,HH PHMaHa. H 3 £. HHOCTpaHHOH 
jiHTepaTypbi. MocKBa, 1953 r. 

3 . CepnHHCKHH B. Hto mbi 3 HaeM 
H HTO MbI He 3 HaeM O npOCTbIX HHCJiaX. 
Toe. H 3 ^aT.$H 3 -MaT. JiHTepaTypbi. Mock- 
Ba, JleHHHrpa^. 1 963 r. 

4. TpocT 3. npocTbie nncjia. Toe. 
H3#aT. (J)H3-MaT. JiHTepaTypbi. MocKBa 
1959 r. 
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APPLIED HYBRID METHODS TO SOLVING 
INITIAL- VALUE PROBLEM TO INTEGRO-DIFFERENTIAL 
EQUATIONS OF VOLTERRATYPE 


In the chronology of scientific papers is noticeable that scientists study integro-differential 
equations involved later than the study of differential and integral equations. Consequently, 
the differential equations are fundamental investigated, than integral and integro-differential 
equations. Therefore, many experts are replace the solving of integral and integro-differential 
equations to solving of differential equations. Extending this idea, constructed here a general 
hybrid method for solving integro-differential equations, and investigates the equivalence of 
the above-mentioned equations. Constructed here the concrete stable hybrid method with high 
accuracy by using mesh points in a minimal amount, but rather k = 1 (by using one mesh point) 
constructed one step method of the degree p = 6. 

Keywords: nonlinear integro-differential equations, hybrid method, ordinary differential 
equations, multistep methods, relation between order and degree for hybrid methods. 


C onsider to solving of the following 
Volterra integro-differential equation 
of first order: 

y - f(x,y) + X^K(x,s,y(s))ds, 

*0 

x 0 <s<x<X. (1) 

Suppose that equation (1) has a 
unique solution defined on the segment 
[x Q , X] and satisfying the following initial 
condition: 

A*o) = 3V (2) 

To determine the numerical solution 
of the problem (1)— (2) assume that the 
continuous on totality of arguments, 
functions /( a, y) and K(x, s, y) defined in 
the domains 

G={x 0 <x<X, \y+y 0 \ <a} 

and 

G = {x 0 < s < x < X, \y - y 0 \ < a } 

respectively, and also have continuous 
partial derivatives to up some order 
p+ 1, inclusively. The segment [x Q , X] 
with a constant step-size h > 0 is divided 
into N equal parts and mesh points define 
in the form: 

x. = x Q + ih (i = 0, 1,2, ..., N). 

To calculate the approximate values 
of the solution problem ( 1 )— (2) used 
certain formulas for, which are denoted 
by y. an approximate, but through y(x.) 
the exact value of the solution of problem 
(1)— (2) at the mesh points 

x. = x Q + ih (i = 0, 1 , 2 , ..., N). 
Beginning with V.Volterra’ s work 
(see [1]), published in 1887 to 
present time, scientists engage for the 
investigation of approximate solutions 
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of problem (1)— (2), constructed methods 
for the solving of equation (1) (see, 
for example [2]-[7]). But construct 
an effective method satisfying certain 
requirements is one of the based 
questions of modem computational 
mathematics. Therefore, scientists 
are often turning to the constmction 
of numerical methods for the solving 
of problem (1)— (2), which has some 
additional properties. One of such 
methods is the hybrid methods, which 
applying to solve the problem ( 1 )— (2) 
offer by Makroglou and developed in the 
works [8]-[9]. Here be in progress these 
researches constmcted of stable hybrid 
methods with high accuracy and also 
constmcted the specific methods with a 
certain accuracy, which are illustrated on 
the model problems. 

In the case X = 0 the equation (1) is 
converted to a differential equation to 
the study, which engaged many well- 
known scientists: N.Tusi, I.Newton, 
A.C.Clairaut, G.W.Leibniz, L.Euler, 
J.L.Lagrange, A.L.Cauchy, J.C.Adams, 
C.Runge, W.Kutta, etc. For the 
investigation of numerical solution of 
ordinary differential equations they 
was constmct numerous methods with 
different properties. Therefore, for 
solving integral and integro-differential 
equations are often used numerical 
methods of differential equations. 
This approach is explained with the 
present of ordinary differential equation 
by the integral equation of the next 
from: 


y(x) = y(x 0 ) + f f(s,y(s))ds, 

i ( 3 ) 

x 0 < x < X, 

which is obtained from the differential 
equation by integrating on the segment 
[x Q , x]. If equation (3) rewrite in a more 
general form: 

y(x) = g(x)+f(x,s,y(s))ds, (4) 

*0 

then we can receive equation of type (1) 
from it by differentiation. Given these 
connections between the equations (1), 
(3) and (4), here to consider application 
of the following hybrid method 

X = *Xp.a +! - + . 

i =0 1=0 1=0 

(|v,.| <1; i = 0,1, (5) 

to the solving of the problem (l)-(2). 
Note that the method (5) is applied to 
the solving of initial value problem for 
ordinary differential equations of first and 
second order (see [10]— [12]), and also to 
the solving of equation (4). The hybrid 
method used by Makroglou to solve the 
problem (1)— (2), may be received from 
the method (5) in particularly for y. = 0 
(/ < m), y m ^ 0, y = 0 (m<j < k). 

1. Application of hybrid methods 
to solving Volterra integro-differential 
equations. 

As is known, one of the first 
numerical methods for solving equation 
(1) is constructed and investigated by 
V.Volterra. For this purpose, Volterra 
used the method of quadratures, is 
consisted in a replacement an integral by 



some integral sum, which in one variant 
has the following form: 

| K(x n ,s,y(s))ds = 

x 0 

= hY j a l K(x„,x l ,y l ) + R n , (6) 

i= 0 

here the quantities a. (i = 0, 1,2, ..., n ) 
are the real numbers, but R n - is the 
remainder term. If to the solving of the 
problem (1)— (2) apply &-step method 
with constant coefficients and taking 
into account the method of quadratures 
defined by the formula (6), then we 
have: 

Zoyu = h Yy '.•/»+<• + 

I- 0 i—0 

+ b 2 Z Z W )a j K ( X n + i ’ X j, ’ yj )• (7) 

i=0 7=0 

Here, p ; (/) (i,j = 0, 1,2, ..., k) are the 
coefficients make up coefficients of the 
quadrature formula, and coefficients of 
&-step method, but a., (3. (/ = 0, 1, ..., k) 
the coefficients of the &-step method. It 
is easy to remark that the while crossing 
from the current mesh point to the 
next amount of computational work 
is increased, since the second sum in 
method (7) depends on the variable n. 
For the relieve from these lack in [9] for 
solving of the equation (4) proposed the 
following method: 

k k 

Z a iSn + i + 

i= 0 i=0 

+hf j f j ^ ) K(x n+J ,x n+i ,y n+i ). (8) 

7=0 i=0 

Note that depending on the 
properties of the integral kernel some of 
the coefficients [3 f(i 9 j = 0, 1, 2, ..., k ), 
will be equal to zero. If suppose that, the 
kernel of the integral is defined in the 
s-expansion of domains G then the 
method (8) can be applied to the 
solving of equation (4). Otherwise, the 
coefficients P f(i,j = 0, 1 , 2, ..., k) must 
satisfy the condition (3^ = 0 (/ > j). Note 
that for using of the method (8) must be 
known quantities y Qf y 19 y k _ v By the 
method (8) one can calculate the values 
of variables y n+k . It is known that usually 
for solving problem ( 1 )— (2) uses stable 
methods, but among the stable multistep 
methods the implicit methods are the 
most popular. However, when using 
them are meet with finding solutions of 
nonlinear equations, which is not always 
succeed. Usually in such cases, experts 
use iterative methods, or methods of 
predictior-correctior. It is easy to show 


that the predictior-correctior methods 
in particular, may also receive from 

the iterative methods. But to relieve of 
these shortcomings of implicit methods 
here is proposed to use the explicit 
hybrid methods. Therefore, we consider 
hybrid methods, and their applications 
to the solving of the integro-differential 
equations. Hybrid methods can be 

constructed by different ways. In the 
work [9] consider the following hybrid 
method with constant coefficients: 

k k 

Z a ,^ = *ZP/^v I . 

i'=0 i= 0 

(|v,| < 1; ;' = 0,1, 2, ...,£). (9) 

For the v. = 0 (/ = 0, 1, 2, ..., k) 
from the formula (9) follows a well- 
known multistep methods with constant 
coefficients. Here we consider the case 
when there is v? + v? , + ... + 0. 

Usually, in the concrete methods with the 
maximum degree the quantity v k satisfies 
the condition -1 < v, < 0. However, 
in this case we obtain explicit hybrid 
methods. For example, from the method 

(9) receive the next hybrid method with 
the maximum degree for k = 1 : 

yn + l=yn+ h (y'n + ti+y'n + l-f>)/ 2 ’ 

(P = l/2-V3/6). (10) 

As the remark above explicit method 

(10) is obtained from equation (9) for 
k = 1 and have order accuracy p = 4. 
This method is unique in a class methods 
which has the degree of accuracy 
p = 4. For the construction of hybrid 
implicit methods, consider the following 
generalization of the method (9): 

k k k 

Z a x +i = *Z p<^ + / + *Zy^ ’ 

i = 0 i=0 i= 0 

(|v,.| < 1; i = 0,1, 2, ...,&). (11) 

Obviously, if ^ 0, and -1 < v^ < 0 
then the method (11) is implicit. Appling 
implicit methods to solve scientific 
and engineering problems has some 
difficulties. Therefore, usually for 
the construction of concrete methods 
considered the case (3^ = 0. Now consider 
the applications of the method (1 1) to the 
solving of problem (l)-(2). To this end, 
consider the following difference: 

y( X n + l ) - y( X „ ) = g( x „ + l ) - g( x n ) + 

+f ijK' x (^ n ,s,y(s))ds + 

x X ° 

+ I K{x n+l ,<3- S,<±- y{s))ds, (12) 
here x <£ <x 

n ~n n + 1 
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It is obvious that from the equality 
(4), one can be write the following: 

y' (x) = g\x) + K(x,x,y(x)) + 
+jK' x (x,s,y(s))ds, x 0 <x<X. (13) 

x 0 

Here we replace x by the \ n i.e x = 

Then we have: 

/z J K' x (^ n ,s,y{s))ds = 

x 0 

= h(?(Z n )-g'(Z n ))- 
-hK(£ H £ H9 y(£ H ))- 

Sn 

~ h j K 'M„’ s >>i s )) ds - 

If taking into account obtained in 
(12), then receive the following: 

y(\ + i)-y( x „) = 

= g(x„ + i)~g(x„) + 

+h(y'& n )-g'(U)- 

-hK(^ n ,y£J) + 

+ J K(x n ,s,y(s))ds + 

+ J K (x n+l ,s,y(s))ds. ( 14 ) 

As is well known to the calculation 
of the integral one can apply different 
quadrature formulas as a method of 
the rectangle formulas and a trapezoid 
method. However, the method of 
quadratures can be defined as a linear 
combination of these methods. Then, 
generalizing the proposed scheme, we 
can write: 

) f(x)dx « yJ t+Vi , 

x„ i=o 1-0 

(|v,.|<l; / = 0,1, 2, ...,«). (15) 

If we take v. = 1/2 (/ = 0, 1,2, ..., n ) 
then after choosing the suitable 
coefficients from (15) we obtain a 
linear combination of generalized 
methods of the rectangle formulas 
and trapezoids (see, for example, [13, 
p. 184-186]. Similar schemes for the 
solving of ordinary differential equations 
are used by many authors (see, for 
example [14], [15]). Replacing the 
derivatives of functions by its values 
at different mesh points, applying 
interpolation polynomials Lagrange 
to calculation quantity K(^ n , 

By using them and formula (15) in 
equality (14) one obtains the following 
formula: 
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£ a «'>V<' = hY,a ign+i + 


+hYY J W ) K{x n+j ,x n+i ,y n+i ) + 

7=0 i =0 

k k 

Y i j+mj ’"^'n+J+v, ’Tn+Z+V; )> 


7=0 /=0 


(w. <1; y = 0,1, 2,..., it). 


(16) 


The coefficients a., P/ } , y/ } (/, j = 
= 0, 1,2, ..., £) are some real numbers, 
but a, ^ 0. Consider the determination 

k 

of the coefficients. For this purpose 
we consider a special case and put 
K(x , 5, y) = z(s, y). Then from (16) we 
have: 


i = 0 

= h Yj > i Z n * i + h Yji Z n - 


(17) 


where 


p,=ir. 

7=0 

r,- =SrP ) 0' = °, 1 , 2 , 


(18) 


From equations (4) we have: 

y'-g'=z(x,y). 

As is follows from here the method 
(17) coincides with the method (5). 

To determine the coefficients a., 

V 

p., y. (/, j = 0, 1,2, ..., k) of the method 
(17) using the method of undetermined 
coefficients and in the result receive the 
following nonlinear system of algebraic 
equations (see, for example [10]): 


E«,=o; 


—a. 




= 0, 


(/-l)!" (/- 1)! 

/ = 1,2,...,/?. (19) 

In this system number of equations is 
equal /?+l, and the number of unknowns 
is equal 4k+4. The quantity k is known, 
so determining the values of the quantity 
p used the values of the quantities k. One 
can show that between the quantities k 
and p has the following relation: 


p < 4k + 2. 


( 20 ) 


For the application of the method 
(16) to the solving of problem (l)-(2), 
the problem (l)-(2) rewrite in the 
following form: 


y =Ax, y) + cp (At), y(x 0 ) =y 0 , (21) 


(p(x) = ^ K(x,s,y(s))ds. (22) 

*0 

Then the method (16) is apply to the 
solving of equation (22), and to solving 
problem (21) we apply the method (5) 
and choose the coefficients so that the 
coefficients in these methods coincides 
by the taking into account conditions 
(18). Note that if the method (5) is 
converges, then its coefficients satisfies 
the following conditions: 

A: The coefficients a., p., y., v. 
(i = 0, 1,2, ..., k ) are some real numbers, 
moreover, a, ^ 0. 

7 k 

B: Characteristic polynomials 

p(A.) = yV,.A/; 

1=0 

a(X) = yp,.V; 

(=0 

rW = Zr/V +T '. 

(=0 

have no common multipliers 
different from the constant. 

C: g( 1) + y(l) * 0 and p > 0. 

Consider the construction of specific 
methods and put k = 2. Then for the 
determining of the coefficients we 
obtain the following system of nonlinear 
equations: 

P 2 + Pi + Po + Y 2 + Yi + To = 2a 2 + 

2p 2 + Pj + / 2 y 2 + /,Y, + / 0 y 0 = (2 2 a 2 + ap/2; 

2 2 P 2 + Pi +/ 2 Y 2 + A 2 Yi + ^oY 0 = (2 3(x 2 + a i)/3; 

2 3 p 2 + Pi + / 2 y 2 + ^Yi + ^oY 0 ~ (2 4(x 2 + a i)/4; 

2 4 P 2 + Pi + 4h + CYi + ^Yo ~ @ 5 a 2 + a { )/ 5; 

2 5 P 2 + Pi + J 2 + ^Yi + ^oYo - (2 6 ct 2 + a^/ 6; 

2 6 P 2 + Pj + 1 \ y 2 + /f Yi + / 0 6 Yo = P ?a 2 + a i)/ Y; 

2 7 P 2 +Pi +/ 2 Y 2 + A 7 Yi + ^oYo = p 8 a 2 + ap/8; 

2 8 P 2 + Pi + / 2 Y 2 + /*Yi + / 0 Y 0 = (2 9 a 2 + ap/9. (23) 

By solving these system, we find the 
values of the coefficients of the method 
(5), and the coefficients of the method 
of the type (16) determined from the 
system (18). Consequently, if the method 
of the type (16) has the maximum degree 
and its coefficients are defined by the 
solution of the system (18), then it will 
not be unique with the maximum degree, 
because the system (18) has the solution 
more than one. 

If put a 2 = 1, oq = 0, a Q - -1 in this 
system, then by solving the received 
system of nonlinear algebraic equations, 
we have: 


p 2 = 64/1 80, Pj = 98/1 80, P 0 = 1 8/180, 

y 2 = 18/180, Yl = 98/180, y 0 = 64/180, 

l 2 = 1 + V21/14, / 1 = l,/ 0 =l-V2"l/14. 
” ;nce we get the following method: 

y n +2 = y n + M/>4y' +2 + 98y' +1 + 18y')/180 + 
+ /*(1 8^+98^+64^/180. (24) 

Remark, that this method is 
symmetric (so that v Q = -v 2 ). But there 
is the nun symmetric method with the 
degree p = 9. 

It is clear, that for using the method 
(24), it is necessary to determine the 
values of the quantities y and y n+yT To 
illustrate the above mentioned, consider 
the case k= 1 and put p x = P 2 = 0. Then 
by solving the system (23), we obtain 
By using this solution in the formula (9), 
one receive the method (10), for using 
which can be suggested the following 
algorithm, if is known the value y m . 

Step 1. Calculate the values y n+1/2+a 
(a = V3/6) by the following method 

y n+i/2+y = y n+yi + * (C 4 r 3 + + 2 )X t i - 

-(8y 3 - 24y)j/ +1/2 + (4y 3 - 6y 2 )j/ )/24, 
for g = + V3/6. 

Step 2. Calculate the value of the 
quantity y n+l by the method (10). 

Step 3. Calculate the values of the 
quantity y n+m by the following methods 

C/2 = ^„ + l + A ( 23 X + 1 - 1 6 ^: + l/2 +VD/24, 

y»w = + h + v %i - ■ 5 +, + y'. )/ 48 • 

Note that for solving some problems 
by this algorithm for calculating values 
of the quantity y. +m can be used the 
following method: 

y n + 3/2 = y n+1/2 + 

(y'n+ 3/2 + 4y' n+l + >>'+ 1 / 2 )/ 6 * 

To illustrate applying this algorithm 
to solving problem (l)-(2) consider the 
following examples: 

1. y’ = 1 + y - xexp(-x 2 )- 

X 

-2 1 xt exp(-y 2 ( t))dt , 

0 

y(0) = 0, 0<x< 1. 

The exact solution is y{x) = x. 

2. y' = -x 3 /3 + 4exp(-y)/3 + 

X 

+(4/3) J (1 /x)s 2 exp (y(s))ds, 

1 

y(l) = 0, 1 <x<2. 

The exact solution is y(x) = In x. 
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3. y = \ cos sds, 

o 

y(0) = -l, 0 < x < 2, 
the exact solution is y{x) = - cos x. 

4. y - Jxscoss 2 <A, 

o 

j;(0) = -l/4, 0 < x < 2. 

The exact solution is y(x) = - cos x 2 /4. 

For solving these problems, we are 
using above mentioned algorithm. Note 
that the example 1 is solved in the work 
[2], the examples 1-3 are solved in the 
work [7], the example 3 is solved in the 
work [3], and the example 4 is solved 
in the work [3]. Here all the examples 
solved by the hybrid method (10) and the 
receive results are putting in table 1 and 
also to solving some of these problems, 
here used the trapezoid method and 
the receive results are putting in the 
table 2, in which we used the next 
notation: 

Method I - Predictor-corrector 
method consist is Euler and Trapezoid 
method applying to solving system 
consists only of ODE. 

Method II - The same predictor- 
corrector method applying to solving 
system consists only of the integral 
equations. 

Method III - The same predictor- 
corrector method applying to solving 
system consists of ODE and integral 
equation. 


Conclusion. By the above mentioned 
are shown some of the advantages of the 
hybrid methods. Constructed concrete 
hybrid methods with the high accuracy. 
And also, in the simple case, have 
constructed an algorithm for using to 
solving of the problems of type (l)-(2). 
Note that the proposed algorithm for the 
using of the method (10) has a simple 
structure, which makes easy to using and 
to modifying it. Naturally, each method 
has some advantages and shortcomings. 
The main advantage of hybrid methods 
is their high accuracy, and the main 
shortcomings is the using of variables 
with the values y in irrational points 
(with y = +1/2 - V3/6, or y = +1 - A&I/14). 
To overcome these shortcomings, here are 
using the methods of predictor-corrector 
type. It is easy to understand that the 
proposed algorithm can be modified by 
using more precise methods. We here 
describe a scheme by which to ensure 
applying of the hybrid method to solving 
problem (1). We believe that the study of 
hybrid methods is one of the promising 
directions, for the construction most 
accurate numerical methods, which also 
confirms by the above solved problems. 
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Table 1 
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variable x 
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Maximal error 

Maximal error 

Maximal error 

Maximal error 

for the method 

for the first 

for the second 

for the method 

for the hybrid 

from [2] 

method from [7] 

method from [7] 

from [3] 

method (10) 

11 

0 

0 

1,0 
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0,16 E-04 

0,77 E-06 


0,11 E-05 

II h= 1/32 

3,0 




0,18 E-06 
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0,16 E-05 
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0,52 E-06 
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FORMATION OF THE METHODICAL SKILLS 
OF FUTURE TEACHERS OF MATHEMATICS 

In Uzbekistan teacher of mathematics is to carry out different kinds of activities during his 
practical work. We should consider teaching activity as a totality of specific activities including 
the following items: analyzing of various literature together with programs, handbooks, 
educational-methodical complexes and other means of teaching and on this basis, considering 
age possibilities of school-children, processing of the needed material and designing of subject 
contents of the lesson or any other kind of practical work with school-children from it; planning 
of your work and teaching the children how to plan their study; organizing of different kinds of 
activity of school-children, rendering them help and in some way managing them; appreciating 
of your activity and activity of the children and finally teaching them how to appreciate others 
and themselves in a proper way. 


T he noted kinds of activity, of course, 
do not cover all kinds of activity that 
can be needed by teacher in his practical 
work. But, first of all, all kinds of activity 
cannot be foreseen beforehand as practice 
is more varied than any systematization. 
Secondly, in the beginning of his career 
a person should possess some basic 
skills and form self-estimation and then 
continue and develop his education and 
professional skills. 

Orientation to the basic kinds of 
activity of a teacher of mathematics is 
considered the main principal of forming 
of his professional skills. The second 
factor that makes an essential influence 
on the primary level of formation of 
the professional skills is marking out 
of the main unit of organization of the 
educational process - a lesson. Actually, 
on the lesson teacher forms all sides 
of educational activity of a student. 
This is why teaching activity should be 
concentrated in the framework of the 
lesson. 

There are different ways of 
interpretation of the concept “skills”: 
a) skills as a mastered action; b) skills 
as an ability to use available knowledge; 
c) skills as a totality of abilities; d) skills 
as an incomplete technique or one of the 
essential steps in developing of skills 
etc. [1, p. 164] 

The most up-to-date and prospective 
approach to study of this concept is 
considering it in the practical framework. 
The structure of educational activity 
includes the following components: 
educational-cognitive demands and 
motives; educational-cognitive goals; 
activities and operation meant to realize 
educational-cognitive goals; reflection 
and analysis and on their basis effect 


of estimation and self-estimation of the 
realized educational-cognitive activity. 

As it was mentioned before, teaching 
activity should be considered as a 
totality of activities where many of these 
activities have in their basis educational- 
cognitive activity. Therefore interpreting 
the concept “skills” we should proceed 
from the structure of educational activity. 
Educational activity is realized with 
the help of some educational-cognitive 
actions. That’s why skills can naturally 
be interpreted as a mastered action. At 
this time level of mastering the action is 
an objective fact. It can be determined 
by task, directive, recommendation or 
question. Skill is a subjective fact i.e. 
characteristics of mastering activities 
of a certain person. Activities are in 
significant degree correlated with 
teaching material, skills - with a person. 

Nevertheless, pointless interpretation 
of skills as mastered actions does not 
give a good idea of the structure of this 
concept. Activities can be estimated 
through operations, and the latter have 
different nature. Operations can be 
mechanical - as operations in twisting 
in screw-nuts and intellectual - selection 
of knowledge for proving a theorem, 
operations in planning of teaching 
material, operations in substantiating of 
existence of some object etc. Educational- 
cognitive activities have intellectual 
structure and this is where their essential 
feature. The other essential feature of 
educational-cognitive actions is their 
double basis. From one side, there are 
some activities that refer directly to the 
studied subject. For instance, activities 
on expansion of square trinomial into 
multipliers, constructing of triangular 
similar to quantity, providing of the 


similar or items etc. Such the activities 
are often called specific or subjective. 
From the other side, there are general 
educational and general cognitive 
activities which are not connected 
directly with study of one or another 
educational subject, however they must 
be formed in a certain degree and be used 
at teaching certain educational subjects. 
Such the activities include: analysis and 
synthesis, comparison and classification, 
proving and bringing to conception 
etc. To form educational activities it 
is necessary, as V.V. Davidov says, 
“...provide educational activities with a 
certain form of subject, and moreover, 
educational skills of students are formed 
on the basis of carrying out activities 
in “the process of prolonged learning 
of certain subjective knowledge.” [2, 
p.202-207.] 

Thus, learning skills of students are 
formed during study of the subject of 
mathematics on the basis of synthesis 
of subjective and general educational- 
cognitive activities in the process of 
prolonged learning of the mathematical 
knowledge. 

Levels of the formed skills may be 
different. For educational-cognitive 
skills they usually point out three levels: 
1) level of reproduction; 2) level of 
usage of the skills in a similar situation; 
3) level of creative usage of the skills in 
a new non-standard situation. 

Educational activity will be formed 
when a student is involved in self- 
study. This means he must be able to 
do activities of motivation, statement of 
educational tasks, selection of substantial 
means and educational activities for 
solution of educational tasks, activities 
of estimation and self-estimation. [3] 
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Thus, educational skills are activities The second level is a transfer of on the blackboard, to put into shape 

on realization of the educational activity, separate formed methodical skills and solution of a subjective task, proof of 

these activities being a synthesis of sometimes of the whole complexes the mathematical statement, value of 

general educational-cognitive and to the basic subjective and bigger numerical expression with a variable 

subjective actions. blocks, transfer of educational material quantity etc. 

To find out the contents and an to the mathematical method, theme, The second group of the 

appropriate set of methodical skills of a type of mathematical tasks etc. This methodical skills considers the second 

teacher of mathematics it is necessary to transfer is usually used on the basis of level of their formation with regard for 

clear up essence of professional actions realizing of the goals and by way of the pedagogical specificity of study 

of a teacher. usage of general recommendations and of the educational material: ability to 

Among methodical skills there are heuristics. determine the goals of study of a certain 

also such general educational-cognitive The third level is a highly educational material (determination 

activities as analysis and synthesis, developed methodical skill which is if a concept, theorems etc.); ability to 

generalization and concrete definition, determined by realizing of not only make a logical-didactic analysis of the 

comparison and classification. the goals but also motives and means educational material on the basis of 

The contents of activity of a teacher of selection of ways of activity. This the goal to be set (point out the nuclear 

of mathematics is based upon the certain level is characterized by usage of material, main ideas of the theme, to 

professional knowledge: knowledge different means and methodical skills typify mathematical tasks etc.); ability 

of different aspects of the matter of according to a certain pedagogical to set clearly educational objective and 

statement of the goals in teaching situation. select appropriate educational activities 

mathematics (goals of themes to be According to the levels of and operations; ability to organize 

studied, units, methods, working out of formation of the methodical skills, activity of students and manage it 

tasks, proof of mathematical statements their subjective complication and in the process of solution of educational 

etc.); knowledge of ways of acceptation specificity of application in teaching task (examples of question set, 

of the goals of the educational material practice these skills can be divided into selection of means for solution of the 

to be studied; knowledge of the several groups. Here we provide one of educational task, set up of organizing 

specificity of educational, mathematical possible sub-groups of the methodical and managing questions and variants 

and methodical tasks and ways of their skills. [6] of the same question, ways of reaction 

formulation and statement; knowledge The first group of the methodical to an answer, etc.); ability to make up 

of actions and appropriate operations skills is in a significant degree a calendar plan of the theme on the 

for working out certain classes of connected with the first level of their basis of its logical-didactic analysis; 

mathematical and educational tasks; formation: ability to make a logical- ability to analyze a lesson with 

knowledge of means of teaching, ways mathematical analysis of definitions regards for its goals and a teaching 

of their usage during teaching different of the mathematical concepts, material; ability to analyze student’s 

aspects according to the goals and mathematical statements, formulas, answer, to estimate it; ability to 

methods of teaching; knowledge of ways algorithms, subjective mathematical summarize and review articles (teaching 

of organization of students’ activity tasks; ability to make a logical-didactic aids) of the didactic, pedagogical and 

and managing this activity; knowledge analysis of a concrete, the most psychological contents; ability to make 

of different forms of control and ways minimum, substantial, completed item up a card for a report, for study of a 

of estimation of activity of students or paragraph of the educational material; certain theme. 

and formation of self-estimation of ability to organize a search of working The third group of the methodical 
students. [4] out of the mathematical task, proof of skills synthesizes all previously formed 

We have provided the basic a mathematical statement; ability to skills and is realized on any educational 

professional theoretical knowledge. select tasks for teaching concepts, proof material: ability to make a logical- 

Previously we called the basic actions of mathematical statements, formation didactic analysis of the school handbook 

of the professional character. To change of a rule or construction of algorithm; as well as analysis of realization in the 

these actions into professional and ability to make elementary teaching handbooks of a certain mathematical 

methodical skills one should work out or visual aid, materials for slide; idea, line; ability to determine a hierarchy 

educational and methodical tasks for a ability to select literature for studying of the goals of teaching a certain theme, 

long period of time. of a certain aspect (theorem, task, course, subject and to construct a system 

The first level of formation of the paragraph of a handbook) and make of its realization; ability to make up 

methodical skills comes to understanding up a proper card index; ability to make variable methods of teaching depending 

of the aim of carrying out of one or up a system of questions for frontal on the goals and real conditions of 

another methodical or educational- check up of comprehension of a certain teaching. 

cognitive action, comprehension of its knowledge (concept, theorem, rule To form the upper-called skills there 
operational structure, search of ways of etc.), ability to estimate written or is needed a system of theoretical and 

carrying out on the basis of the pattern control work, tests and to analyze their practical training. It is provided through 

offered in the instructions. [5] results; ability to place the material a cycle of methodical subjects. 

24 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


References: 

1. Davidov V.V. Problems of 
developing training. - M: Pedagogics, 
1986. 

2. Davidov V.V. New approach 
to understanding of structure and the 
content of activity // The Psyhological 
Magazine. 1998 . T. 19 . No. 6. Pages of 
202-207. 


3. Episheva O.B. Formation of 
technological abilities of the teacher 
as problem of reforming of education// 
All-Russian scientific conference “54th 
Gertsenovsky readings”. SPb. : RGPU 
publishing house of A.I.Gertsen, 2001. 

4. Oganesyan V.A. etc. Technique 
mathematics teaching at high school. 
General technique. - M: Education, 
1980. 


5. Dudareva N.V. Formation of 
initial methodical abilities of students 
of teacher training Universities in the 
course of training in the solution of tasks 
on construction. Yekaterinburg, 2003. 

6. Chikunova O.N. Formation of 
methodical abilities in the course of work on 
a task in courses of mathematical disciplines 
teacher training University / Dis. ... edging 
ped. sciences. Yekaterinburg, 1998. 




R esearch Analytics Federations of various 
countries and continents, as well as the 
World Research Analytics Federation 
are public associations created for geographic 
and status consolidation of the GISAP ^ 
participants, representation and protection of * 
their collective interests, organization of 
communications between National Research 
Analytics Federations and between members of 
the GISAP. 


WOULD RESEARCH 

ANALYTICS 
FEDERATION V 


v ' 3r"j 


f: 

F! 


V', 


ederations are formed at the initiative or with the 
assistance of official partners of the IASHE - 
Federations Administrators. 




F ederations do not have the status of legal entities, do not require 
state registration and acquire official status when the IASHE 
registers a corresponding application of an Administrator and not 
less than 10 members (founders) of a federation and its Statute or 
Regulations adopted by the founders. 


IF you wish to know more, please visit: 




GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


Khubezhov S.A., 
Ph.D student, junior 
Research Scientist 
Bliev A.P., 

Prof. 

Magkoev T.T., 

Prof. 

North-Ossetian 
State University, 
Russia 

Conference participant, 
National championship 
in scientific analytics, 
Open European and 
Asian research analytics 
championship 


LOW-FLUENCE LASER INDUCED 
FRAGMENTATION AND DESORPTION 
OF 3 ,4,9, 1 0-PERYLENETETRAC ARBOXYLIC 
DIANHYDRIDE (PTCDA) THIN FILM 


Laser-induced fragmentation and desorption of fragments of PTCDA films vacuum-deposited 
on GaAs (100) substrate has been studied by time-of-flight (TOF) mass spectroscopy. The main 
effect caused by pulsed laser light irradiation (pulse duration: 10 ns, photon energy: 2.34 eV and 
laser fluence ranging from 0.5 to 7 mJ/cm 2 ) is PTCDA molecular fragmentation and desorption 
of the fragments formed, whereas no desorption of intact PTCDA molecule was detected. 
Fragments formed are perylene core C 2 fi 8 , its half C ]g H 4 , carbon dioxide, carbon monoxide and 
atomic oxygen. All desorbing fragments have essentially different kinetic energy. The mechanism 
of photoinduced molecular fragmentation and desorption is discussed. 

Keywords: PTCDA, Photochemistry, Laser- induced desorption, Surface dynamics. 


F or the last decades thin organic 
films attract much attention due 
to their wide ongoing and potential 
applications in science and technology 
[1-4]. Particularly interesting are the 
photoinduced effects governing the 
properties of photochemical, opto- 
and nanoelectronic devices, chemical 
sensors, light-emitting diodes, field- 
effect transistors and solar cells based 
on such films [5-7]. In relation to this the 
aim of the present study is elucidation 
of the character and the mechanism of 
interaction of pulsed laser light with 
the films of PTCDA - material which is 
widely explored in various applications 
[1-5]. Unlike the vast majority of works 
in this direction when the main effect is 
laser ablation of polymer films [5-9] the 
focus of the present work is to investigate 
the low laser fluence effects when the 
properties are presumably determined 
by valence electronic transitions. For 
this purpose nanosecond pulsed laser 
light with fluence in the range of 
0.5-7 mJ/cm 2 and photon energy of 
2.34 eV exceeding PTCDA band gap 
(2.1 eV) to generate hot carriers was 
used. The photoinduced effect was 
investigated by time-of-flight (TOF) 
mass spectroscopy which allows 
monitoring possible photoinduced 
desorption of the molecule and its 
fragments. The TOF mass-spectroscopy 
technique has an advantage to detect the 
desorbed specie not altered by an electron 
impact used for example in quadrupole 
mass-spectrometer. Moreover it allows 
simultaneous detection of wide range of 
masses for a single laser shot, as well as 
determination of the velocity distribution 
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of desorbing specie. Using of the laser 
light with well defined photon parameters 
offers an advantage of gaining the 
most straightforward and unambiguous 
information about the photoinduced 
phenomena under investigation. 

The measurements have been carried 
in ultra high vacuum chamber (base 
pressure: ca. 1(T 9 Torr) with the aid of 
TOF mass spectrometer equipped with a 
flight tube of ca. 1 meter long as shown 
in Fig. 1. The advantage of the time-of- 
flight technique used is that it allows 
distinguishing between the fragments 
produced on the sample and the artificial 
fragments produced by electron impact 
in an ion source (4). Desorbed specie 
moving along the surface normal pass 
through the two drifting regions (2 and 3). 
In the first region the neutral specie 
are separated according to their initial 
kinetic energy and reach the ion source 
(4) of time-of-flight mass-spectrometer. 
The groups of specie of different mass 


but with the same initial kinetic energy 
formed in the ion source are additionally 
supplied with the same amount of 
energy. The specie are mass selected in 
the second drifting region (3) and are 
detected by secondary electron amplifier 
(5). 

The laser fluence was kept as low as 
0.5-7 mJ/cm 2 to avoid possible thermal 
effect which might obscure the effects 
produced by photoinduced electronic 
transitions. Pulse duration and the 
photon energy of the laser beam were 
10 ns and 2.34 eV, respectively. The laser 
beam was focused on a sample to a spot 
of ca. 1 0 -3 cm 2 area at incidence angle of 
45°. The sensitivity of the spectrometer 
corresponds to (2-5) 10“ 5 monolayer. 
The PTCDA film of 100 nm thick was 
formed by thermal evaporation in high 
vacuum on widely used for this purpose 
GaAs(100) crystal [10], after which the 
specimen was transferred into the UHV 
chamber (base pressure: c.a. 10~ 9 Torr) 



Fig. 1. Schematic view of experimental setup for photoinduced time-of-flight 
measurements: 1 - specimen; 2, 3 - first and second drifting spaces where 
the desorbed specie move; 4 - ion source, where the desorbed specie 
are ionized by electron impact; 5 - detector, 6 - laser beam 


for laser induced measurements. The 
film thickness was measured by quartz 
microbalance and verified ex- situ by 
atomic force microscope (Ntegra-Aura, 
NT-MDT). The typical scan and height 
profile are shown in Fig. 2 revealing 
rather uniform lateral large-scale film 
thickness and absence of open substrate 
regions. 

To clean the surface of the PTCDA 
film from the residual gas molecules a 
number of laser shots of fiuence lower 
than the PTCDA fragmentation and 
desorption threshold was applied. The 
corresponding mass spectrum of the 
residual gas molecules at low laser 
fiuence (0.8 mJ/cm 2 ) is shown in Fig. 3. 
curve 1. Subsequent laser fiuence 
increase (2 to 7 mJ/cm 2 ) leads to dramatic 
transformation of the spectra due to 
PTCDA molecular fragments desorption 
(Fig. 3, curves 2, 3). The features at 
mlz = 28, 44 correspond to CO and 
C0 2 , respectively. Almost similar signal 
intensity in both cases suggests that 
extraction and decomposition of PTCDA 
carboxylic terminals with subsequent 


PTCDA 



57.0 58.0 59.0 

pm 


CO and C0 2 desorption occurs upon 
laser light effect. At the same time, as 
seen in Fig. 3, curves 1, 2, slightly higher 
CO signal intensity over that of C0 2 and 
especially appearance of atomic oxygen 
desorption signal {mlz =16) points at the 
dissociation of part of C0 2 molecules 
during photoinduced decomposition of 
carboxylic terminals. 

Another dominant feature seen in the 
spectra (Fig. 1. curves 2, 3) is appearance 
of heavier molecular fragments at 
mlz = 248 and 124 which correspond to 
perylene core of the molecule C 2Q H 8 and 
its half C 10 H 4 , respectively. No desorption 
of an intact PTCDA molecule {mlz = 392) 
was detected at all experimental 
conditions studied. The latter provide 
an evidence that the photofragmentation 
and desorption mechanism is non- 
thermal. This assumption is based on 
the fact that the sublimation temperature 
of PTCDA is in the range of 350 to 
450°C which is not enough to brake 
the intramolecular chemical bonds [11]. 
The lowest bonding energy in PTCDA 
molecule (3.6 eV) corresponds to single 



Fig. 2. AFM image and height profile of PTCDA film on GaAs(100) 



Fig. 3. Mass-spectra of PTCDA fragments desorbed under laser irradiation. 
Laser fiuence, mJ/cm 2 : 1 - 0.8; 2 - 4; 3 - 7. Detail spectral features 
in (0 - 60) a.m.u. region are shown in an inlay 
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C-C bonds between perylene core and 
carboxylic group. The single C-0 bond 
has about the same energy (3.75 eV), 
whereas the C-C bonding energy in 
aromatic ring is 5.3 eV and the double 
C-0 bond has energy of 7.8 eV [10]. 
Two naphthalene molecules are bound 
to each other with two C-C bonds of 
energy of 4.2 eV which is lower than the 
corresponding energy in aromatic ring 
(5.3 eV) [12]. Comparing these PTCDA 
chemical bond energies with the photon 
energy used (2.34 eV) one can assume 
that the fragmentation and desorption 
mechanism is due to the photoinduced 
electronic transitions rather than to the 
thermal effect. One can suggest the 
following mechanism. Photon irradiation 
of PTCDA effectively produces electron- 
hole pairs since the photon energy is 
higher than the PTCDA band gap (c.a. 

2.1 eV) [13]. Subsequent electron-hole 
recombination is more efficient at the 
defect and electron density gradient 
sites [5], among which are the region 
of carboxylic terminals due to charge 
transfer from carbon to oxygen atom. 
The latter may cause the corresponding 
C 2Q H 8 -C 2 0 3 bond breaking and carbon 
mono- and dioxide desorption, as 
observed in Fig. 3, curves 2,3. However, 
the recombination energy (c.a. 2.1 eV) 
is lower than the corresponding 
intermolecular bond energy between 
perylene core and carboxylic group 
which is 3.6 eV. Therefore one can 
expect that the multi-electron and multi- 
photon effects are operative, when the 
bond braking occurs upon simultaneous 
recombination of two electron-hole pairs 
at the same site or deexcitation of an 
electron-hole pair excited to an energy 
multiple to 2.34 eV due to multi-photon 
process, as discussed for instance in [14, 
15]. In favor of this assumption is the 
observed fact that the fragmentation and 
desorption intensity notably grows with 
increase of laser fiuence which leads to 
increase of electron-hole concentration 
and multiphoton effect cross-section 
(Fig. 3, curves 2, 3). Even at two-photon 
process the deexcitation energy (4.68 eV) 
is enough to break the bond between 
the carboxylic group and the molecular 
core (3.6 eV) to release CO, C0 2 , and 
C 2Q H 8 , as well as to cleave the core into 
C 10 H 4 fragments. It should be noted that 
the observed PTCDA photoinduced 
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Fig. 4. Time-of-flight spectra of fragments photodesorbed from PTCDAfilm, a.m.u.: 
16 - atomic oxygen, 28 - CO, 44 - C0 2 , 248 and 124 - perylene core C 2Q H 8 
and its half C 1Q H 4 , respectively. Inlay: fragmentation scheme of PTCDA molecule 
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fragmentation path is essentially different 
from that observed upon heating when the 
dominant feature in thermal desorption 
flux is an intact PTCDA molecule [16]. 
Additional evidence of non-thermal 
mechanism of PTCDA fragmentation 
and desorption is provided by time-of- 
flight measurements. The corresponding 
TOF spectra reflecting distribution of 
initial kinetic energies of desorbing 
fragments are shown in Fig. 4. 

The main evidence provided by these 
distributions is that the kinetic energies 
of the desorbing specie are essentially 
different from each other: In case if the 
energies of the fragments are the same one 
should expect longer flight time for heavier 
species. In the present, case as follows from 
Fig. 4, the kinetic energy of the desorbing 
fragments increase in the sequence: 

o-co-co 2 -c 10 h 4 -c 20 h 8 . 

This trend is in lines with the possible 
energy deexcitationpathway s which occur 
after photoexcitation of the molecule. 
The photon excites the 7i-system 
of the perylene core producing the 
corresponding electron-hole pairs. 
Deexcitation energy breaks the 
intermolecular bonds of ^-conjugated 
PTCDA molecule and the bonds between 
the perylene core and carboxylic 
terminals. Since the energy of the multi- 
photon (or even two-photon) excitation 
is higher than the corresponding 
intermolecular binding energies 
the excess energy is supplied to the 
fragments in the form of kinetic energy 
causing their desorption from the surface 
of PTCDA film. Another deexcitation 
pathway is cleavage of entire perylen 
core C 20 H g into two fragments C 1Q H 4 , in 
which case lower energy is supplied to 
cause desorption of the C 10 H 4 fragments, 
in lines with the observed lower energy 
of desorbed C 10 H 4 compared to C 20 H g . 
Regarding the CO and C02 specie, one 
can assume that they are formed as a result 
of destruction of unstable dicarboxylic 
group C 2 0 3 released into vacuum after 
photoinduced fragmentation of PTCDA 
molecule. The evidence is provided 
by almost identical TOF distribution 
of CO and C0 2 , as seen in Fig. 4, as a 
result of essentially the same velocity 
of CO and C0 2 fragments. Slightly 
lower C0 2 intensity is presumably 
due to its dissociation into CO and O, 
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of which evidence is appearance of 
signal corresponding to atomic oxygen, 
m/z = 16 (Fig. 3). The fact the atomic 
oxygen has lowest kinetic energy, as seen 
in Fig. 4, can be reconciled assuming 
that initial photoexcitation which occurs in 
7i-system of the perylene core efficiently 
quenches within the perylene core itself 
and perylen-carboxylic groups before it 
reaches the peripheral region of oxygen 
specie. Taking into account above 
considerations the photofragmentation 
scheme of PTCDA molecule is shown in 
Fig. 4. 

Pulsed nanosecond laser light of 
photon energy of 2.31 eV and low 
fluence ranging from 0.5 to 7 mJ/cm 2 
cause fragmentation of PTCDA 100 
nm thin film vacuum-deposited onto 
GaAs(lOO) and desorption of fragments. 
Measurements carried out by time-of- 
flight mass spectroscopy reveal that the 
main photoinduced fragments formed 
are perylene core C 20 H 8 , its half C 1Q H 4 , 
carbon dioxide C0 2 , carbon monoxide 
CO and atomic oxygen. No desorption 
of an intact PTCDA molecule was 
detected whereas, according to literature 
data, this is the main feature observed 
for thermal desorption of PTCDA. 
Time-of-flight measurements reveal that 
the fragments photodesorbed from the 
film have essentially different kinetic 
energies indicating that the dominant 
bond breaking mechanism is essentially 
non-thermal, presumably induced by 
valence electronic transitions. 
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ON THE THREE INVARIANT RELATIONS OF MOTION’S 
EQUATIONS OF THE SYMMETRIC GYROSTAT 
IN A MAGNETIC FIELD 


The problem of the gyrostat motion in a magnetic field with the effect of Barnett-London is 
considered. It is assumed that gyrostatic moment depends on the time. The conditions for the 
existence of the motion equations of three invariant relations of a special kind are defined. These 
solutions of the motion equations are characterized by the elliptic functions of time. 

Keywords: symmetric gyrostat, invariant relation, magnetic field. 


T he problem of a gyrostat motion in 
a magnetic field with the Barnett- 
London effect describes the motion 
of neutral ferromagnet (not initially 
magnetized) in a magnetic field, which 
is the rotation of the magnetization along 
the axis of rotation, which is magnetized 
along the rotation axis in the rotation [1]. 
This effect is called the Barnett effect and 
is characterized by the appearance of the 
magnetic moment, which depends on the 
angular velocity. A similar phenomenon 
appears when rotating superconducting 
solid at fast rotation in the magnetic field 
(the London effect). The mechanism 
of magnetization in both cases due to 
various reasons, but the motion equations 
can be presented in the same form [1-3]. 

The motion equations of a gyrostat 
with variable gyrostatic moment in a 
magnetic field with the effect of Barnett- 
London have the form [1] 

x = xxax + Xaxax-Xa + axx 
xBv + sxv + vx Cv, 
v = vxax. (1) 

Here we introduce the notation: 
x = (x v x 2 , x 3 ) - a moment-of-momentum 
body-transmitter; v = (v 1? v 2 , v 3 ) - an 
unit vector indicating the direction of 
the magnetic field; X = X(t) - the value 
gyrostatic moment X(t) a; a = (a 1? a 2 , a 3 ) 
- constant unit vector; a = (a ) - gyration 
tensor; s = (s v s 2 , s 3 ) - a constant vector; 
B = (5 ), C = (C ) - constant symmetric 
matrix of the third order; point above the 
variables denotes differentiation at time. 

A case is examined when 
s = (y, 0, 0), a = (1, 0, 0), a = diag (a p a 2 , afi 


B = diag (B l9 B 2 , Bf C = diag (C 1? C 2 , C 3 ). 
Then from equations (1) will get 
expressions 

(jq + X + Byvfif - 0, (2) 

x 2 = {cL\ - a 2 )x l x 3 - 

- a 2 Xx 3 + B 2 a 2 x 3 v x - 

- B l a l x l v 3 - qv 3 + 

+ (C 1 -C 2 )v 1 v 3 , (3) 

x 3 = ~(a x - af)x x x 2 + 

+ affix 2 + B 1 a 1 x 1 v 2 - 
-B 2 a 2 x 2 v l +s l v 2 + 

+ (^2 — Cl) v l v 2> (4) 

Vi = a 2 (x 3 v 2 - x 2 v 3 ), 
v 2 =a 1 x 1 v 3 -a 2 x 3 v 1 , 
v 3 = a 2 x 2 v 1 - a 1 x 1 v 2 . (5) 

Equation (2) allows to specify the 
first integral of (2)-(5) 

X, + X + S 2 Vj = a 0 , (6) 

here a Q - an arbitrary constant. 

Define invariant relations of 
equations (2)-(5) as 

*1 = b 0+ b I v I’ 

x 2 =c 0 + c 2 y 2 , 
x 3 =dQ+d 3 v 3 . (7) 

Equality on the parameters of 
equations (1) and invariant relations (7) 

c 0 (a l b 0 -a 2 a 0 ) = 0, 

d 0 (a i b 0 -a 2 a 0 ) = 0, (8) 

b 0 a i(rf 3 -c 2 -5i)- 
-a 2 d 3 a 0 - a, =0, (9) 


b 0 a x (d 3 -c 2 + B x ) + 

+a 2 c 2 a 0 + s x = 0, 

(10) 

dfia^Y + a 2 c 2 + 2 a 2 B 2 ) - 
-a 1 Z? 1 (c 2 + Bf) + C x - C 2 = 0, 

(ii) 

c 2 ( a A + a 2^3 + ^ a 2^2) ~ 

-a l b l {d 3 + Bf) + C) — C 2 — 0, 

(12) 


are the conditions for the existence of 
invariant relations (7). 

Consideration of the case 
a l b 0 - a 2 a 0 ^ 0 leads to the relations 


x (B 2 \ 2 x - a 0 v 1 + k* - d 3 ), 


x[(d 3 -c 2 -B 2 )v\ +a 0 v 1 + c 2 -h], (13) 


v, = U( s 2 v?- ajVj+fc-rf,)... 

^ [(cf 3 - c 2 - S 2 )vf + a 0 v, +e 2 -k.].( 14) 
Function v : (t) is found from integral 

f , ‘ /Vl 

v (0) fiB^l - CL 0 v l + h - d 3 ) 


— > ... — 

[(c? 3 -c 2 -5 2 )v, +a 0 v 1 + c 2 -k.] 

= t-t 0 , (15) 

which is reduced to elliptic integral in 
the Legandre form. Thus, v x = vft) is an 
elliptic function of time. According to 
the formula 


b 0 (2a l -a 1 ) B 0 
a . 


X= — - —(a, -a 2 )v, 


a 0 


29 



GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


X(t) is also an elliptic function of time. 
The other variables of the problem 
V 2 = v 2 (0, V 3 = v 3 (0, x. = xft) (i = U) 
can be determined respectively from 
(13), (7). The above functions describe a 
new solution of system (1). 

To reduce the problem of integrating 
the motion equations in case c 2 0 + cf 0 ^ 0 
to quadrature we introduce new variables 

0 and cp instead v. 

v t = COS0, 

v 2 = sin0coscp, 

v 3 = cos0sincp. (16) 

The equation 

sinOdO _ 

1 A /4a 2 2 (c„ 2 + <)sin 2 0-F 2 (0) 

= (17) 


is obtained for the finding of function 
0 = 0(f). On the basis (16) one can 
determine a function (p(f) 


9(0 = 9o + 


+ arcsm 


^^2 V 


nm) 

c\ + dl sin 0(£) 


(18) 


The functions 0(f), (p(0 in (17), 
(18) can use in (7), (16) to obtain the 
dependence main variables x ]9 jc 2 , jc 3 , v 1? 
v 2 , v 3 from time. Because of the structure 
of formula (17), all of the functions are 
elliptic functions of time. 

Thus, in the paper, we obtained 
conditions for the existence of the 
equations (1) of three linear invariant 
relations of a special form (7). Two 
classes partial solutions of motion 


equations, which are expressed in the 
form of elliptic functions of time, are 
specified. 
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ALGAE CHLOROPHYLL FLUOROMETRY AND OTHER 
METHODS IN MONITORING OF THE WATER RESOURCES 
OF A TECHNOGENIC ALLY TRANSFORMED REGION 
IN EASTERN UKRAINE 


The system for monitoring water resources currently under development in the Donetsk 
region of eastern Ukraine is described. The use of algae chlorophyll fluorometry is discussed 
together with other test methods. 

Keywords: chlorophyll, fluorometry, water monitoring. 


D onetsk region of Eastern Ukraine 
contains several major industrial 
agglomerations with large metallurgical 
plants, coal mines, etc. which generate 
serious technogenical load on the 
environment. This situation raises 
critical issues on monitoring of all 
components of ecological hazard. 
Particularly, one considers the pollution 
of waters. The similar problem in Europe 
has resulted in a creation of special 
water monitoring systems intended 
for detecting the hazardous events and 
generating early warnings to minimize 
the damage. The information provided 
by such systems also makes it possible 
to develop the mathematical models of 
pollution propagation in river basins, 
which are useful for the forecasts of the 
situation. The solution of this problem 
is the establishment of a network of 
test points and stations distributed 
over a particular river basin or a whole 
region. The samples periodically taken 
at these points are analyzed by several 
techniques to get the information of the 
water quality and possible origins of 
pollutions. These tests may be performed 
automatically by means of special 
equipment installed at remote measuring 
stations, with subsequent transfer of 
the data to the central server. Such 
networked monitoring systems already 
exist in the states of the European 
Union and have proved their value 
and efficiency [3]. Indeed, the creation 
of such a system is very expensive, it 
should be carefully planned. First, it is 
reasonable to establish a network of test 
points for periodical water sampling 
with subsequent laboratory analysis 
to generate an optimized concept of a 
future automatic monitoring system. 


Such project is currently in progress 
at Donetsk National University in the 
framework of the State Program for 
University Science of Ukraine (Contract 
NU/6-2011). The project has the 
following goals: 

1) development of the network of 
test points; 

2) implementation of several 

analytical methods including 

bioindication; 

3) creation of the concept for optimal 
layout of the automatic monitoring 
system; 

Development of application-specific 
measurement equipment and software is 
also carried out in the framework of this 
project. This report deals with the initial 
objective of the project, the development 
of test points network together with the 
choice of the set of analytical methods. 

First, a typical water resource, which 
concentrates all pollutants and represents 


general trends of the ecosystem self- 
regeneration in a technogenically 
transformed conditions, should be 
chosen to determine an integral effect 
of pollutions [1, 2]. The Kalmiusriver, 
the main water stream of the city of 
Donetsk is chosen as such representative 
resource. The layout of the water 
monitoring system is based on the known 
principles already proven in existing 
monitoring systems of the European 
Union, operating in the framework of 
the EU Water Directive [3]. This is one 
of first monitoring systems of such kind 
in Ukraine. 

The water monitoring system 
currently under development in the 
Donetsk region of Ukraine contains 
82 test pointsgrouped into base and 
supplemental network. Some of these 
points are shown in Fig. 1. The tests 
at base network points are regularly 
performed every lOdays, those at the 
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supplemental points within the city of 
Donetskare done every month, and the 
supplemental points placed within the 
Donetsk region are examined once per 
season. The base points are positioned 
within the Donetsk City to monitor the 
water state near the major pollution 
source, the industrial objects and 
community wastewater outlets as well. 
The supplemental monitoring scheme 
also covers the pollution sources of 
different nature, together with water 
reservoirs and streams of various 
functions, from recreation ponds to 
wastewater storage of industrial objects. 
Finally, there are some reference points 
in the region, chosen in relatively clean 
environment. These points are needed 
to generate the basis for comparison of 
waters affected by environmental factors 
of different strength. 

The tests performed on each water 
sample include the following: 

1) hydrochemistry; 

2) microscopy; 

3) spectrophotometry; 

4) chlorophyllfluorometry. 

Let one discuss in detail the latter, 
the method of fluorometry, which reveals 
such information as chlorophyll content 
and state of the photosynthetic systems 
in phytoplankton [4]. The experience 
currently gained during the development 
of water monitoring systems in various 
states of the European Union, particularly 
to fulfill the goals of the EU Water 
Directive, reveals that the convenient 


physical and chemical tests alone are 
not sufficient for reliable detection of 
ecological hazards. Now the significant 
part of water quality monitoring consists 
of various bioindication and biotesting 
techniques. Single celled algae are 
recognized as very sensitive and fast 
responding bioindicators. There exist 
quite flexible and simple methods for 
obtaining the bioindicationinformations 
from them. Chlorophyll fluorometry is 
a method revealing the response of the 
photosynthetic system at the molecular 
level, it is the reason for its wide 
application in biomonitoring systems. 

This method is currently 
implemented in our project using the 
Walz PHYTO-PAM algae fluorometer 
(compact version), which is intended 
for both the laboratory and field 
measurements. This instrument utilizes 
the method of pulse-modulated spectral 
fluorometry with four wavelengths of 
measuring light (470, 520, 645 and 
665 nm) as well as saturation pulses at 
655nm. Such excitation allows one to 
differentiate several algae classes and, 
hence the monitor of the phytoplankton 
variations under the influence of various 
environmental factors. 

The fluorometryof native water 
samples is the fast and informative 
method of determination of the 
chlorophyll content, but it is indeed 
considered a semi-quantitative one and 
needs a calibration by several other 
techniques. Therefore the described 



monitoring system also incorporates 
the microscopic determination of algae 
cell counts for different classes and 
measurement of chlorophylls and other 
pigments contents by spectrophotometry 
of sample extracts. The photometric 
analysis of algaeextracts is performed 
according to the standardized techniques 
and provides the following content data: 

1) chlorophylls; 

2) chlorophyll/?; 

3) chlorophyll^ +c 2 ; 

4) yellow substance; 

5) pheophytins. 

Also the followinghydrochemical 
tests of water samples are carried out 
to take into account the effects of the 
environment on the fluorometry results: 

1) pH; 

2) various nitrogen forms (NH 3 , 
nitrites, nitrates); 

3) phosphates; 

4) synthetic surface - active 
compounds; 

5) phenolic acid. 

The samples are taken observing the 
specific requirements for respective tests. 
The tests are carried out at the dedicated 
laboratory of the Donetsk National 
University. The further development 
of this monitoring system foresees the 
creation of the network of automated 
test stations and implementation of the 
methods of automated data acquisition 
and analysis. 
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CyneHMeHOB 3.H., 
npcxj)., 3aM. ^HpeKTOpa 
jia6oparopHH 

Ka3aXCTaHCKO-BpHTaHCKHH 
TeXHHHeCKHH YHHBepCHTeT, 
Ka3axcTaH 

y HaCTHHK KOH(J)epeHBHH, 
HaijHOHajiBHoro nepBeHCTBa 
no HaynHon aHannTHKe 


KAK HEOPrAHHHECKHE BQZJHBIE PACTBOPBI 
H OKCH^HBIE PACIIJIABBI nPOBO^T 
3JIEKTPHHECKHH TOK 

B cmambe u3JiaacnomcR pe3yjibmambi uccnedoeanuu no onpedenenmo muna npoeodimocmu 
DKudxux cucmeM, xomopue e coepeMennou nayne paccMcimpmcuomcR e mnecmee onemnponumoe. 
B KpamKou (popue npedcmaenenu pe3yjibmambi KOMnnexca uccnedoeanuu, Komopuu npoeodwicn e 
Kajaxcmane e menenue donee ueu 30nem. A namsupyiomcn coepeMennue naynnue npedcmaenenun 
na nonmnim < onexmpunecKuu mon» u < onexmponpoeodnocmb 3neKmponumoe». IIoKasana adco- 
njomnan nenpueodnocmb cyujecmeyfoujux meopemimecKux esenndoe na npoqeccbi (popMupoeanun 
MUKpocmpyKmypbi onewnponumoe u na oneKmponpoeodnocmb ofcudnux ximmecKux cucmeM dnn un- 
mepnpemaquu npanmunecnux ceoucme omux cucmeM. noK03ana nedocmamonnocmb coepeMennux 
nayunbix snanuu o npupode xuMunecKou peanquu. IIoKa3aHO, nmo cyiqecmeyfoufue meopuu onenm- 
ponpoeodnocmu otcudnocmu monbxo e nedonbiuou Mepe omeeuawm peanwm u (parmunecKu mop- 
Mosnm enedpenue naynoeMRux mexnonoeuu e MemannypeimecKoe u xuMunecKoe npouseodcmeo. 

Cdenan ebieod, nmo oneKmponumimecmR duccoquaqm mnnemcn pe3ynbmamoM eosdeucmeun 
oneKmpimecKou onepeuu na cmpynmypy Kondencupoeanubix cucmeM. SneKinponumimecmn duccoqu- 
aqim omo u ecmb codcmeenno onexmponu3. 

Results of the research in the question of defining the type of conductivity of liquid systems, 
which are considered as electrolytes in modern science, are presented in the article. The results of the 
battery of studies, which had been carried out in Kazakhstan for more than 30 years are presented 
in the article in brief. Modern scientific views on concepts of «electric current» and « electrolytic 
conduction » are analyzed. Absolute inapplicability of the existing theoretical views on the processes 
of the electrolyte microstructure forming and liquid chemical systems electroconductivity for the 
purpose of the interpretation of practical properties of these systems. Insufficiency of modern scientific 
knowledge about the nature of chemical reaction is shown. It is shown that the existing theories 
of the electroconductivity of liquids only partially represent the reality and in fact slow down the 
implementation of the science intensive technologies in metallurgic and chemical production. 

The conclusion is made that the electrolytic dissociation is the result of the influence of the electric 
energy on the structure of condensed systems. Electrolytic dissociation is in fact the electrolysis. 


C OBpeMeHHBIH nyTB pa3BHTHJI XHMH- 
necKHx h MeTajuiyprHnecKHx Tex- 
hojiothh 6a3HpyeTCJi Ha «OHOHH3aBHH» 
[HanpHMep, 1] HeKOTOpbix npe^CTaBjie- 
HHH B TeOpHH HCOpTaHHHCCKHX BO^HLIX 
pacTBopOB h pacnnaBOB. Tojibko oth 
5 kh£kocth no coBpeMeHHBiM npe^CTaB- 
jieHHJiMH paccMarpHBaiOTCfl b KanecTBe 
3jieKTpojiHTOB [2, 3]. Taioice Hccne^OBa- 
hhji xhmhh e C KHX H MeTajiJiyprHnecKHx 
chctcm; 3anacTyio 6a3HpyeTca Ha «cne- 
H,HaJIH3aH,HH» (J)yH^aMeHTaJIBHBIX HC- 
cjie/jOBaHHH, Kor/ja MHKpocTpyicrypa h 
cocTOJiHHe BemecTBa He ABjiaeTCfl ocho- 
boh j\jik o6o6meHH>i 3KcnepHMeHTajib- 
hbix /jaHHbix, a bo raaBy yrna CTaBHTca 

XHMHHeCKHH COCTaB TCXHOJIOTHHe CKHX 

npo^yKTOB. B to Bpeivni ok Me5K(j)a3Hoe 
pacnpe^ejieHHe komhohchtob, 3aBHca- 
mee ot CTpyKTypHbix h khhcthhc ckhx 
yCJIOBHH HX CymeCTBOBaHHfl, ilBJIJieTCfl 
ocHOBonojiaraiOH^HM b xhmhhcckhx h 
M eTajuiyprHHecKHx TexHOJiornax. 

06o6meHHe cymecTByiomero rpo- 
Ma^Horo 3KcnepHMeHTanBHoro MaTepH- 
ajia C HeCKOJIBKO HHBIX n03HIJHH n03B0- 
JIHJIO 6bl O CMBIC JIHTB HOBBie nO£XO£BI K 
pa3BHTHK) (JiyHaaMeHTaJIBHBIX HCCJieAO- 
BaHHH XHMHKO-MeTaJIJiypTHHeCKHX o 6 b- 
eKTOB. 3 to o6ycnoBjieHO ,a,o cth 5 kchh$imh 
H OTKpBITHHMH B o6jiaCTH eCTCCTBeHHBIX 


HayK: o6Hapy5KeHHe CBepxnpoBOAHMOc- 
TH CJI05KHBIX OKCH/JOB MeTaJIJIOB, nOJIfl- 
pH3aBH>I TBep^BIX H 5KH£KHX BKJHOHCHHH 
B Macce ^H3JieKTpHKa npH HaJI05KCHHH 
pa3HOCTH noTeHH,HajiOB, o6Hapy5KeHHe 
aHOManHH noBe^eHM TBep^Bix BenjecTB 
npH o6pa6oTKe 3JieKTpHnecKHM tokom 
yBejiHneHHe nncjia ny6jiHOBHH no 
o6oCHOBaHHK) MOJieKyjIflpHOH npHpO^BI 
)KH£KOCTH [4 H ^p.] H T.n. MhOTOC H 3 
HOBBIX H HOBeHHIHX ny6jiHKaBHH ne- 
peKJIHKaeTCa C n0JI05KeHH^MH, pa3BH- 

BaBHiHMHCii ao^eMHKaMH AH Ka3CCP 
noHOMapeBBiM h YcaHOBHneM M.H. , 

KOTOpBie BBrreojiH H3 pa6oT BH H 
MeH^eneeBa hcckojibko OTTecHeHHBiMH 
Ha o6oHHHy HayKH npH pa3BHTHH $yH- 
^aMeHTajiBHBix Hccne^oBaHHH b o6jiac- 

TH CTpOeHH^ }KH^KHX CHCTCM. 

AKTyaJIBHOCTB nOnBITOK HaHTH H 
o6ocHOBaTB pemeHHe cnopHBix noji05Ke- 
HHH B MHKpOCTpyKType 3JICKTpOJIHTOB 
C H,eJIBK) HHTCHCH(J)HKaH,HH TCXHOJIOTHH 

onpeAen^eTca pa^OM momchtob: 

- 6 ojibhihhctbo xHMHnecKHx pe- 
aKH,HH npoBO^HTca b pacTBOpax [2] H 
pacnnaBax [HanpHMep, 5, 6], a b TeopHH 

5KH,aKOCTH HCT e^HHOH TOHKH 3pCHH>I Ha 
ee CTpyKTypy h TpaHcnopTHBie CBOHCTBa; 

- pa3JiHHHe b no^xo^ax k CTpoeHHio 
5KH£KOCTeH pa3 HOTO xhmhhcckoto co- 


CTaBa BHOCHT pa3HOHTeHHJI B HCCJie^OBa- 
Hffl MexaHH3Ma peaKBHH, npOBOJ],HMBIX 
B }KH^KOCTH, H HCTaTHBHO C03BIBaeTCa 

Ha aHajiH3e nyTen hhtchch^hoi^hh h 
opraHH3aiiHH xhmhhcckhx npoijeccoB b 

}KH^KOCTax; 

- He^CHOCTB MHKpOCTpyKTypBI 5KH^- 
KHX CHCTCM n0p05K^aeT HCCOOTBCTCTBHfl 
b aHanH3e 3HepreTHHecKHx bo 3 ^chctbhh 
(T ennoBBix, KOJie6aTejiBHBix h T.n.) Ha 
}KH£KHe CHCTeMBI H BC^CT K HenOHHMa- 
HHK) npHHHH H CJie^CTBHa XHMHH e C KHX 
npeBpan^eHHH no^ bjih^hhcm pa3JiHH- 
HBIX BH^OB 3HepTHH B }KH^KOCTH, KOT^a 
3anacTyio cne/jCTBHe npHHHMaeTca 3a 
npHHHHy; 

- 3 th pa3HOHTeHHa HanpaBjiaiOT 
aHanH3 ^narpaMM cocto>ihh>i xhmhhcc- 
khx Ben^ecTB no nyra CTaTHCTHnecKoro 
BapBHpOBaHHil KOMnOHeHTOB [7]; 

- npe/jCTaBjieHHA 06 HOHH3au,HH 
aTOMOB h MOJieKyji, npH Been hx nojib- 
3e h yHHBepcajiBHOCTH, MemaiOT bh/jctb 
pa3JIHHH5I B aTOMHOM H MOJICKyjiapHOM 
B3aHMO^eHCTBHH; 

- HcnojiB30BaHHe nojiy3MnHpHnec- 
KHX MeTO^OB Onpe^eJICHHa aKTHBHOCTH 
KOMnOHeHTOB B )KH£KOCTH H 3KCTpanO- 
JI>mHH 3THX BBIBO^OB Ha o 6 h^HC B 3TJia- 
^bi Ha MexaHH3M XHMHnecKHx npeBpa- 
meHHH 3aTpyaH5HOT aHaJIH3 peaKItHH H 
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orpaHHHHBaioT HCCne/joBaTejieii b no- 
ntiTKax peajiH3aiiHH (JjyHAaMeHTajibHbix 
ypaBHeHHH b pacneTax h xoppexAHH 
^HarpaMM coctouhhh xhmhhccxhx co- 
e^HHeHHH h (J)a30Bbix npeBpameHHax b 
cncTeMax. 

npHHOTne TeopeTHnecKHx noji05Ke- 
HHH H B3rjI^OB Ha (j)H3HHCCXyiO XHMHK) 
TexHOJiornHecKHx peaKH,HH anpnopH 6e3 
ajibTepHaTHBHoro o6cy5XAeHHn CTajio 
CyHteCTBeHHbIM T0pM030M B pa3BHTHH 
MeTajuiypranecKOH h xhmhhccxoh npo- 
MblHIJieHHOCTH. 

Ha I BcecoK>3HOM coBeiAaHHH no 
(J)H3nnecKOH xhmhh pacnjiaBjieHHbix co- 
jien h nuiaKOB axaAeMHx A.H. OpyMXHH 
roBOpHn: «...caMO CTpoeHne bbicoxo- 
TeMnepaTypHbix chctcm ropa3AO MeHee 
HCCJie^OBaHO, hcm CTpoeHne boahbix 
pacTBOpOB, h H3yneHne ero hbjiuctch 
oneHb HHTepecHon 3aAaneH, a Tax^xe 
Heo6xo/jHMon npe^nocbuiKon nocT- 
poeHHa o6men TeopHH 5XHAxoro cocto- 
hhhh». HjieH-icoppecnoH/jeHT AH CCCP 
51. H. TepacHMOB no/jnepKHyji: «YnacT- 
hhkh. . . cnpaBe^jiHBO nojiaraiOT, hto 
OAH a H3 BaiKHenninx npo6jieM (})H3 hxh h 
xhmhh - npo6jieMa pacTBOpOB, T.e. Teo- 
pna pacTBOpOB moukqt 6bit b pa3pemeHa 
TOJibKO nyTeM BceMepHoro pa3BHTH^. . . 
MOJieKyjlilpHO-CTaTHCTHHeCKOH H Tep- 
MO^HHaMHHeCKOH TeOpHH OT^eJIbHblX 
KnaccoB pacTBopoB». Tenepb hccjicao- 
BaHHa no ycTaHOBjieHHK) npHHpHnoB 
(J)opMHpOBaHHa }kh^kocth nepoxHBaioT 
HOBblH BHTOK B KOppeJl^HH B033pe- 
HHH Ha CTpyKTypy BO^HblX pacTBOpOB H 
BbicoKOTeMneparypHbix pacnjiaBOB [8, 9 
HAP-]- 

B3aHMHOe BJIHJfflHe TeopHH OKCHA" 
hbix pacnjiaBOB h boahbix pacTBOpOB 3a- 
CTaBJiiieT yHHTbiBaTb pa6oTbi B.,3,. IIoho- 
MapeBa h M.H. YcaHOBHHa npn nccjie- 
AOBaHHH CTpyKTypbl 5KHAKHX CHCTCM. 
B TeopHH ahccojhoijhohhoh nenTH- 
3aiiHH B.,3,. noHOMapeB Hcnojib30Baji 
npHHAHn paBHonpaBM oxchaob pa3- 
JIHHHBIX 3JieMeHTOB npH (J)OpMHpOBa- 
HHH 5KHAKOCTH, ho He paccMaTpHBaji 
TpaHcnopT 3JieKTpHnecKoro Toxa nepe3 
}XHAXOCTb. M.H. YcaHOBHH yCTaHOBHJI 
npaBHjio aHOMajibHOCTH 3JiexTponpo- 

BOAHOCTH }XHAXHX CHCTCM, B XOTOpOM 

np e abo cxhthji MHorne no3AHHe sxcne- 
pHMeHTanbHbie AaHHbie. 3 to nocjiy)XH- 
JIO OTnpaBHOH TOHXOH HCCJICAOBaHHH 
oxchahbix pacnjiaBOB ajui ycTaHOBjie- 
hhh, Hacxojibxo cymecTByiomHe moagjih 

34 


CTpOeHHH 5XHAXHX CHCTCM OTBCHAIOT 

npnpOAe. 3 th moacjih jioxar b npeAe- 
jiax orpaHHHeHHbix xpaiiHHMH tohxamh 
3peHHa: MOAejib coBepmeHHoro hoh- 
hoto pacnjiaBa (pacTBOpa) TeMXHHa h 
MOJiexyjnipHaH - MeHAejieeBa, npoMe- 
5xyTOHHbie npeACTaBjnnoT co 6 oh nonbiT- 
xh npHMepHTb HecoMHeHHoe HajiHHHe 
CTpyXTypHbIX 3JieMeHTOB B 5XHAXOCTH 
CO Cn0C06H0CTbK) >XHAKHX CHCTCM npO- 
BOAHTb 3JieXTpHHeCXHH TOX. Tax, B [ 10 ] 
3TO npaMO CBH3bIBaeTCH C 0C06eHH0CTH- 
MH (J)OpMHpOBaHHH CTpyXTypHbIX 3Jie- 
MeHTOB 5XHAXHX CHCTCM - nOUBJICHHCM 
nOJIO}XHTeJIbHO 3ap5DXCHHbIX XaTHOHOB 
H OTpHAaTeJIbHO 3apH5XeHHbIX aHHOHOB, 
hto o6ycjioBjieHO nouBJieHHeM Teo- 
pHH 3JieXTpOJIHTHHeCXOH AHCCOAHapHH 
AppeHHyca h noHUTHu «npOBOAHHx bto- 
poro pOAa». TecHeHinaa B3aHMOCBH3b 
MoxAy TpaHcnopTOM 3jiexTpHHecxoro 
Toxa h TpaHcnopTOM BemecTBa nopo- 
Ahjio, Ha nepBbm B3nniA, HeonpOBep- 
}XHMoe AOxa 3 aTejibCTBO choco 6 hocth 
}xhaxocth npOBOAHTb tox tojibxo ne- 
peMemeHHeM CTpyxTypHbix sjicmchtob. 
OTCiOAa AOxa3aTejibCTBa caMonpoH3- 
BOJIbHOH 3JieXTpOJIHTHHeCXOH AHCCOH,H- 
aiI,HH CTpyxTypHbix 3JieMeHTOB TBepAbIX 
Teji npn nepexoAe b }XHAxoe coctouhhc. 
Ba30B0H xapaxTepHCTHxon CTpyxTypbi 
5XHAXOCTH CTaHOBHTCH 3JieXTpOnpOBOA" 
HOCTb. HcTOXH TaXHX TeOpeTHHeCXHX 
BbixjiaAox b cjieAyioiAeM. 

B H3BCCTHOH HayHHO-TCXHHHCCXOH 
jiHTepaType h nareHTHbix nccjieAOBa- 
HHHX OTCyTCTByeT nOHUTHe «3JieXTpH- 
necxHH tox», BepHee - «3JiexTpHHecxan 
3HepTH5I». CorjiaCHO [ 11 - 17 ] 3JieXTpH- 
necxHH tox - 3 to noTOx 3JiexTpHnecxHx 
3apnAOB. npn 3 tom Taxoe cjiyHAaMeH- 
TajibHoe onpeAejieHHe H3o6HjiyeT pa3- 
hohtchh^mh: 3JiexTpHnecxHH tox - 3 to: 

- ynopnAoneHHoe (HanpaBjieHHoe) 
ABH)xeHHe 3 JieXTpHHeCXH 3 ap>DxeHHbix 
nacTHH hjih MaxpocxonHnecxHx Teji [ 11 ]; 

- nepeMeiAeHHe HOCHTejieii 3apnAa 

[ 12 ]; 

- noTOx 3JiexTpHnecxHx nacTHH, 

[ 13 ]; 

- BHyTpeHHee abh^cchhc 3JiexTpo- 

hob b BemecTBe [ 14 ]; 

- ynopnAoneHHoe (T.e. HMeiomee 
onpeAejieHHoe npeo6jiaAaioiAee Ha- 
npaBjieHHe) ABH5xeHHe 3JiexTpHnecxHx 
3 apnAOB [ 15 ]; 

- npOBOAHHX OJieXTpHHeCTBa - 3 TO 
TBepAoe Tejio, b xotopom ecTb mhoto 


«CBo 6 oAHBIX» 3 JieXTpOHOB [ 16 ]. 

Bee 3th onpeAejieHHa He orpaHH- 
HHBaiOT Tonex 3 peHHa. B tom >xe [ 16 ] 
3 JieXTpHHeCXHM TOXOM Ha 3 BaH H nOTOX 
xanejib ao>xa>i. B 6 ojibiHHHCTBe cjiynaeB 
3 JiexTpHnecxHH tox TpaxTyeTCn xax Ha- 
npaBjieHHoe abh^cchhc 3 JiexTpHnecxHx 
3 apnAOB. Hto >xe noHHMaeTCn noA 3 Jiex- 
TpHHeCXHM 3 apHAOM! 

- HCTOHHHX 3JieXTpHHeCXOTO nOJIH, 
CBH3aHHbIH C MaTepHaJIbHbIM HOCHTe- 
jicm; 

- BejiHHHHa, onpeAejimoman hh- 
TeHCHBHOCTb 3JICXTpOMaTHHTHOTO B3aH- 
MOAeHCTBHH 3apH5XeHHbIX nacTHH,; 

- «xa)XAoe 3 apn^ceHHoe tcjio - 3 to 
cHCTeMa 3apnAOB» [13]; 

- HCTOHHHX 3 JieXTpOMarHHTHOTO 
nojia, CBH 3 aHHbIH C MaTepHaJIbHbIM HO- 
CHTejieM; BHyTpeHHun xapaxTepHCTHxa 
3 jieMeHTapHoii nacTHAbi, onpeAejinio- 
man ee 3 jiexTpoMarHHTHoe B 3 aHMOAeHC- 
TBHe [11]; 

- (jiHBHHecxan BejiHHHHa, onpeAejin- 
K>maa 3Heprmo B3aHMOAeiiCTBHa 3JiexT- 
pHnecxH 3ap>DxeHHbix nacTHA (sjiexT- 
pOHOB, npOTOHOB, n03HTp0H0B H Ap-) C 
3JiexTpOMarHHTHbiM nojieM [15]; 

- B3aHMOAeHCTBHe 3JieXTpHHeCXH 
3apiDxeHHbix nacTHA [12]; 

- B [ 16 ] 3 TOT BOnpOC o 6 xOAHTCH «B 
CHjiy ero h 3 bccthocth»; 

- « 3 JieXTpHHeCXHH 3 apHA HaCTHAbI 
aBJIHeTCH OAHOH H3 OCHOBHbIX, nepBHH- 
hbix ee xapaxTepHCTHx. EMy npncyiAH 
cjieAyioiAHe (JjyHAaMeHTajibHbie CBoiicTBa: 

а. 3JiexTpHHecxHH 3apnA cyiAecTBy- 
eT b AByx BHAax: xax nojio5XHTejibHbiii, 
Tax h OTpHAaTejibHbin; 

б . B JII 060 H 3 JieXTpHHeCXH H 30 JIHp 0 - 
BaHHoii CHCTeMe ajire 6 paHHecxan cyMMa 
3 apnAOB He H 3 MeHneTcn, 3 to yTBep 5 XAe- 
HHe Bbipa)xaeT 3 axoH coxpaHeHHn 3 jiex- 
TpHnecxoro 3 ap^Aa; 

B. 3JieXTpHHeCXHH 3apHA HBJHieTCa 
peJIUTHBHCTCXH HHBapHaHTHbIM ! erO Be- 
jiHHHHa He 3aBHCHT OT CHCTCMbl OTCHCTa, 
a 3HaHHT He 3aBHCHT OT Toro, ABH5XCTCH 
OH HJIH nOXOHTCH» [17]. 

T.e. b o 6 iacm BHAe noHUTHe <ojieK- 
TpHHecKHH 3ap«A» - 3 to HexaH Mepa 
B3aHMOAeiiCTBHH Me»CAy MaTepH- 
ajIbHblMH oSbeKTaMH. Ohcbhaho, 
HTO COnOCTaBJieHHe nOHUTHH «3JieKT- 
pHHeCKHH TOK - 3JieKTpHHeCKHH 3a- 
P»A» npHBOAHT X 4)H3HHeCXOH 6eCCMbIC- 
JIHAe: 3JieKTpHHeCKHH TOK HBJIHeTCH 
HanpaBJieHHbiM abh^kchhcm Mepbi 
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B3anM0^6HCTBHH Me2K#y MaTepnajib- B pe3yjn>TaTe aHajiH3a HaynHO-Texmi- 6 bijih nojiyneHBi cne/jyiomHe pe3yjn>- 

HbiMH oSbeKTaMH. TaKoe noHHMaHne necxoH jiHTepaTypBi h cymecTByiomero Tara: 

xareropmiecxH HenpHeMneMO ajih hh- sxcnepHMeHTajiBHoro MarepHajia no# 1. 3xcnepHMeHTajiBH0 noKa3aHO, 

^ceHepHoro HcnojiB30BaHmi. IIoaTOMy pyxoBO/jCTBOM aica/jeMHKa B.fl,. IIoho- hto Teopmi /jhccojhoipiohhoh nenTH- 

b xhmhh npHMemnoTCn 6ojiee npocTBie MapeBa 6bijih npe/jnpHmrra HCCJie/jOBa- 3amni, pa3pa6oTaHHan axa/jeMHxoM AH 

onpe/jejieHHii: «3JieKTpOH - CTaOnjiBHO- hhh no bjihahhio 3JiexTpmiecxoro Toxa Ka3CCP B./J. noHOMapeBBiM b pa3- 

3jieMeHTapHa>i nacTHija, o6jia/jaiomafl n 3JiexTpOMarHHTHBix nojien Ha 5XH/jxHe BHTne B3rjnmoB RM. MeH^eneeBa Ha 

3jieMeHTapHBiM 3apa^OM h HaHMeHBHieH cncTeMBL YcTaHOBjieHHe peajiHCTH- CTpyKTypy bo^hbix pacTOBpoB, peajiBHO 

H3 H3BecTHBix MaccoH noxon, nBjraeTCn necxnx npe/jCTaBjieHHH o npHHipinax onncBiBaeT npoijecc pacTBopeHHa TBep- 

ochobhbim BemecTBeHHBiM cy6cTpaTOM (J)opMHpoBaHHa 5KH/JKHX chctcm (h cbh- ^bix o6bcxtob B BO^e H no CymeCTBy HB- 

XHMHHeCKOTO B3aHMO^eHCTBHa». 3t0 3BHHBIX C 3THM MexaHH3Ma (f)a30B0T0 JHieTCH napa^HTMOH. 

nepexjiHxaeTCn c [13], pzje 3JiexTpOH nepexo^a nepBoro po^a) y>xe bbihijih 3a 2. 3KcnepHMeHTajiBH0 noica3aHO, 

paccMaTpHBaeTca b xanecTBe 3JieMeH- paMKH hhcto axa/jeMmiecxoro HHTepe- hto npaBHjio aHOMajiBHocTH 3JiexTpo- 

TapHoro 3JieKTpHnecKoro 3apima, T.e. ca. 3to npo^HKTOBaHO HeH36e5XHBiM yc- npOBO^HOCTH 5xh/jxocth, ycTaHOBjieH- 

MHHHMajiBHoro 3JiexTpmiecxoro 3apmja, jio>KHeHHeM MHHepajiBHoro CBipBa Rim Hoe axa^eMHKOM AH Ka3CCP M.H. 

KOTOpOMy KparaBi Bee 3JieKTpHnecKHe MeTajuiypranecKoro npOH3BO£CTBa, h YcaHOBmieM, cnpaBe/yiHBO jjjm bbicoko- 

3apa^Bi. H 3 3toto MO^ceT cjie^OBaTB h TaxHe HCCJie/jOBaHHfl CTaHOB>iTC>i npax- TeMnepaTypHBix okch^hbix pacnjiaBOB h 

TaKOH BBIBO^: 3JieKTpHHeCKHH TOK - 3TO THHeCKH Heo6xO^HMBIMH. ^pyTOH aC- JIIo6orO THna 5XH/JXOCTH. 

noTOK 3JieKTpOHOB. C TaKHM nomrra- nexT npo6neMBi: niHpoxoe pacnpocTpa- 3. 06Hapy}xeHO muieHHe xoaijepBa- 

eM mo>xho onepHpOBaTB npn co3^aHHH HeHne HayxoeMxnx tcxhohothh b npo- i^hh BBicoxoTeMneparypHBix oxch^hbix 

TexHnnecxHx pemeHHH pa3Jimmoro H3BO#CTBe (jjyHximoHajiBHBix MaTepna- pacnjiaBOB no# bjihahhcm nepeMeHHBix 

Ha3HaneHH^. Ho 3Ta ^jopMyjinpoBKa jiob (nojiynpOBo^HHxoBBix ycTponcTB, 3JiexTpOMarHHTHBix nojien h MexaHH- 

Haxo^HTCH b npoTHBopenHH c cymec- }xh^xhx xpHCTamiOB h T.n.) ^eMOHCTpn- necxHx xojie6aHHH 

TByiomHM noHHMaHHeM MexaHH3Ma pyeT BamiocTB ynpaBjieHmi CTpyxTypon 4. 3xcnepHMeHTajiBH0 noxa3aHa 

TOKOnepe^aHH B 3JieKTpOJlHTaX. XOH^eHCHpOBaHHBIX CHCTeM ( 0 C 06 eHH 0 , aHH30Tp0nHa npOBO/JHMOCTH BBICOXO- 

Mox/jy TeM, no coBpeMeHHBiM no- CTpyxTypon 5xh/jxocth) b ijejnix onTH- TeMnepaTypHBix pacnjiaBOB n noxa3aHO 

hhthjim 3JiexTponpOBO^HOCTB ^ch^xocth MH3aijHH TexHOJiornnecxnx npoi^eccoB, BjinuHne opneHTai^nn MOJiexyjmpHBix 

o6ecnennBaeTC5i TpaHcnopTOM hohob b hbcthocth, npoijeccoB npoH3BO£CTBa ^nnojien Ha BejinnnHy 3JiexTponpOBO/j- 

(aHHOHOB n xaraoHOB) x onexTpo^aM (jjyHxijHOHajiBHBix MaTepnajiOB Ha ocho- hocth pacnjiaBa. 

[ 2 , 3 ]. XapaxTepHBi h no^xo^Bi x o6oc- Be xoHCOJiH/mpOBaHHBix HaHOCTpyxTyp. 5 . 3xcnepHMeHTajiBH0 o6Hapy)xeH 

HOBaHHio nepe^ann Toxa HOHaMH-HOCH- Ha Ham B3rjin£ xmoneBBiMH npo6jie- pn^ pa3JiHHHBix 3X30THnecxHx hbjichkh 

Teji^MH 3apn^a b HaynHO-TexHHHecxoii mbmh b pemeHHH 3a/jan o CTpyxType h b 3JiexTponpOBO/jHOCTH pacnjiaBOB, npo- 

jiHTepaType. Tax, b [ 18 ] roBOpHTca: CTpyxTypHBix npeo6pa30BaHHax b xoh- ncxo^amHx no^ bjih^hhcm 3JiexTpoMar- 

«npnMBiM ^oxa3aTejiBCTBOM ojiexTpojiH- ^eHCHpoBaHHBix CHCTeMax b coBpeMeH- hhthbix nojien h xapaxTepHCTHx 3uexT- 

THnecxoH ^nccoi^Hai^HH ^ch^xhx mjia- hom ecTecTB03HaHHH aBjimoTca: pHnecxoro Toxa (HanpHMep, noHH}xeHHe 

xob nBjmeTCn bo3mo^choctb ojiexTpojiH- 1. YcTaHOBjieHHe o6m;ero npHHH,H- 3JiexTponpOBO^HOCTH pacnjiaBa c no- 

3a b hhx h BejiHHHHa y^ejiBHOH ojiexTpo- na (JiopMHpoBaHmi >xh#xhx chctcm h BBimeHHeM TeMnepaTypBi, noBBimeHHe 

npOBO^HOCTH» (CTp. 4). B [ll]HeCMOTpH CTpyxTypHBix 3JieMeHTOB 5XH,aXOCTH. 3JieXTpOnpOBO^HOCTH pacnjiaBa c no- 

Ha AOCTaromio 6ojiBmoii BpeMeHHoii 2. YcTaHOBJieHHH MexaHH3Ma HH>xeHHeM TeMnepaTypBi, cxanxoo6pa3- 

npoMe5xyTOx npome^mHH nocjie ony6- TpaHcnopTa 3JieKTpHHecKoro TOKa Hoe H3MeHeHHe 3JiexTponpoBO^HOCTH h 

jiHxoBaHmi [18], npHBO#HTCJi eme 6ojiee nepe3 mnjiKiit CHCTeMbi. t.^.). 

npocTOH jiobojj ,: «npnMBiM /joxa3arejiBC- PemeHHe ^a>xe nacra 3thx (jjyH/ja- 6. 3xcnepHMeHTajiBH0 ycTaHOBjie- 

tbom cymecTBOBaHHn hohob b pacTBOpe MeHTajiBHBix npo6jieM BecBMa axTyajiBHan Ha bo3mo5xhoctb aHOMajiBHO bbicoxoh 

nBjineTCn to, hto pacTBOp MOJxeT npo- HayHHO-HCCJie^OBaTejiBcxan 3a^ana, xoto- 3JiexTpo(j)opeTHHecxoH ho^bh5xhocth 

bo^htb 3jiexTpHnecxHH tox» (cTp. 366 ). paa HMeeT 6ojiBHioe 3HaneHHe He tojibxo TBep^Bix nacTHij b pacnjiaBax. YcTa- 

H b tom, h b /jpyroM cjiynae nponcxo- co3^aHmi TexHOJiorHH, ho h HBJweTCn HOBjieHa bo3mo)xhoctb xHMHnecxoro 

flHT no^MeHa Te3nca, h #oxa3aTejiBCTBa cyme ctbchhbim momchtom b pa3BHTHH B3aHM0^eHCTBHa oxch^hbix pacnjiaBOB 

Taxoro po^a hocot exopee yM03pHTejiB- eoBpeMeHHoro ecTecTB03HaHmi. e xoMnoHeHTaMH ra30B0H (])a3Bi umpo- 

hbih xapaxTep, He5xejm CTporoe oxene- B npoi^eeee 4 ) Y H ^ aMeHTajII>HbIX K0r0 xHMHneexoro eocTaBa no^ bjih- 

pHMeHTajiBHoe hjih MaTeMaTHneexoe neejie^OBaHHH MHoroxoMnoHeHTHBix hhhcm HMnyjiBCHoro 3JiexTpHneexoro 

o6ocHOBaHHe tohxh 3peHHn [ 3 ]. >xh^xhx CHCTeM (oxch^hbix pacnjiaBOB Toxa (MeaH/jp). npn 3tom ra3 - BoecTa- 

Ha npOTn^ceHHH 6ojiee 30 jieT HaMH h HeopraHHneexHx bo^hbix pacTBOpOB), hobhtcjib MO)xeT BBiCTynaTB b xanecTBe 

npOBO^HjiHCB (JiyH^aMeHTajiBHBie hc- hx noBe^eHmi no^ bjih^hhcm HecTai^H- oxHCJiHTejra, a CTpyxTypHBie H3MeHeHHa 

ejie^OBaHH^ b oOjiacTH CTpoeHH^ mhx- OHapHBix 3JiexTpOMarHHTHBix nojien h b paenjiaBe npHBomiT k noTepe njiaBxoe- 

pOCTpyXTpBI 3JieXTpOJIHTOB (OXCH^HBIX 3JieXTpHHeCXOTO TOXa, (jia30BBIX nepe- TH OXCH^HBIX CHCTeM. 

pacnjiaBOB h HeopraHHnecxHx bo^hbix xo^ob b pa3JiHHHBix ycjiOBmix c ijejiBio 7 . 3xcnepHMeHTajiBH0 noxa3aHa 

pacTBOpOB) c i^ejiBio eoBepmeHCTBOBa- ycTaHOBjieHmi npHHitHna (jiopMHpOBa- bo3mo^choctb pacTBOpemm MeTajum- 

hh^ MeTajuiypTHnecxHx TexHOJiorHH. hhh MHxpocTpyxTypBi 3JiexTpojiHTOB necxoro MOJinO^eHa b bo^hbix pacTBO- 

35 
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pax menoHen hh 3 koh KOHLteHTpaijHH n 

pnn flpyrnx nBneHnn. 

Beet yKa3aHHtiH Bbinie KOMnneKC 
nccjie^OBaHHH, npOBe^eHHbix b tchchhh 
33 jieT, noKa3aji aOconiOTHyio Henpnro#- 
HOCTB CymeCTByiOmHX TeOpeTHHeCKHX 
B3raa^OB Ha npoijeccbi (jiopMnpOBaHnn 
MHKpOCTpyKTypbl 5KH£KOCTH (b HaCT- 
HOCTH, BO^HblX paCTBOpOB H OKCH^HblX 
pacnnaBOB) h Ha 3neKTponpOBO£HOCTb 
nCHJJKHX XHMHHeCKHX CHCTCM RJW HH- 
TepnpeTai^HH npaKTHHecKnx cbohctb 
3THX CHCTeM (TCOpHU 3JieKTpOJIHTHHeC- 
koh ^HCCOLjHaijHH AppeHHyca, nororrae 

aKTHBHOCTH XHMHHeCKHX BdljeCTB B 
5KH^KOCTH, pa3JIHHHbie TeOpHH npOBO- 
^HMOCTH 5KH£KOCTH H T.n.). Il0Ka3aHa 
He^ocTaTOHHOCTb coBpeMeHHbix Hayn- 
hbix 3HaHHH o npnpo/je xHMHnecKOH pe- 
aKH,HH, O MexaHH3Me pa60TBI aTOMOB B 
XO^e XHMHHeCKHX npOIteCCOB, O npHHH- 
Hax h BejiHHHHe 3HepreTHnecKHx nponB- 
jieHHH b xo/je XHMHHeCKHX npoiteccoB. 
B nacTHOCTH noKa3aHO, hto cynjecT- 
ByiOHtHe TeOpHH 3neKTpOnpOBO£HOCTH 
5KH£KOCTH TOJIbKO HaCTHHHO OTB eHB- 
K)T peaJIH^M H (jiaKTHHCCKH T0pM03OT 
BHe^peHHe HayKoeMKHx TexHonornn b 
MeTajuiyprHHecKoe h xhmhhc cko e npo- 
H3B0/JCTB0. 

Hnnce npHBe^eHti HeKOTOpbie pe- 
3yjIBTaTbI MHOTOJieTHHX HCCneflOBaHHH. 

Mbi nbiTajiHCb o6Hapy5KHTb aHanor 
npoijecca 3JieKTpojiH3a cpe/jn peaKipin 
o6pa30BaHHa Ha/jMoneKynnpHbix (J)opM. 
IIohck aHajiorHH tcm 6ojiee onpaB,zjaH, 

HTO HMeHHO COOTBCTCTBHe XHMHHeCKOTO 
npeBpanjeHnn ( 3 JieKTpojiH 3 ) h kojihhcc- 
TBa npome/pnero nepe 3 5 kh^koctb 3 JieK- 
TpHnecKoro TOKa npe/jCTaBnneT co 6 oh 
o/jhh H 3 KpaeyrojibHbix KaMHen TeopHH 
3 JieKTpOJIHTHHeCKOH /JHCCOIJHaiJHH. 

B KanecTBe ochobhoto o6beKTa nc- 
CJie^OBaHHH HCn0JIb30BajIHCb MHOTO- 
KOMnoHeHTHbie OKcn/jHbie pacnjiaBbi. 
3 to HaH6ojiee nonxonnmnn o6beKT j\j\k 
Taxoro po/ja nccneflOBaHnn, nocKOJibKy 
H3 pacnnaBOB TOJIbKO OHH CHHTaiOTCn 
3JieKTpOJIHTaMH [2] H B HHX M05KH0 Ha- 
ran/jHO 3aflep)KaTb npoijeccbi o6pa30Ba- 

HM HOBbIX 4)a3. 

Hccjie^OBajiocb ^BnnceHne CTpyK- 
TypHbix 3JieMeHT0B pacnnaBOB ncm 
^eHCTBHeM 3JieKTpHHeCK0T0 TOKa H 
MarHHTHbix nonen. HaM yzjanocb ckoh- 
iieHTpHpOBaTb CTpyKTypHbie ojicmchtbi 
pacnnaBOB, OTnnnaiomHecn no cbohm 
3neKTpO(f)H3HHeCKHM CBOHCTBaM, H 3a- 
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(J)HKCHpOBaTb 3pHMyio KapTHHy nepexo- 
^a MHKpOHeO^HOpOflHOCTeH B OKCH^HblX 

pacnnaBax b MaKpoHeo/jHOpo/jHOCTH 
(T.e. nonyHHTb hckhh aHanor sneKTpo- 
nH3a). Hccne^OBanncb pacnnaBbi mna- 
kob cne^yiomero xhmhhcckoto cocTaBa 
(Ta6n. 1). 

Bbino ycTaHOBneHo nBneHne ko- 
ai^epBai^HH BbicoKOTeMnepaTypHbix ok- 
ch/jhbix pacnnaBOB. Ha pncyHKe 1 bhjj- 
Ha KapTHHa fleneHnn pacnnaBOB Ha £Be 
5 kh^kocth no# BnnHHneM kom6hhhpo- 
BaHHbix 3neKTpOMarHHTHbix nonen. 

B TaOnnije 2 npHBe^eHbi pe3ynbra- 
tm no (j)a30B0My h KonHnecTBeHHOMy 
^eneHHio nceB/joroMoreHHbix bbicoko- 
TeMnepaTypHbix okchjjhbix pacnnaBOB 
nofl BnHnHHeM nepeMeHHbix sneKTpo- 
MarHHTHbix nonen. 

3th ^aHHbie ynce roBopnr o tom, 
HTO 3neKTpHHeCKHH TOK (sneKTpHHCC- 
Kan 3Heprnn) Moryr npHBecTH k pac- 


cnoeHHio pacnnaBOB, hto mo>kho chh- 
TaTb CBoeo6pa3HbiM <oneKTponH30M». 
T.e., 3neKTpHnecKan 3Heprnn MonceT 
npHBO^HTb k pa3pymeHHio MoneKynnp- 
hmx o6pa30BaHHH b o6beMe )kh^kocth. 
Taxnce ycTaHOBneHo nBneHne KanenbHon 
nHKBai^HH b yKa3aHHbix pacnnaBax npn 
B03^encTBnn nepeMeHHbiM sneKTpHHec- 
khm tokom b xo/je ())a30Bbix nepexo^OB 
(pnc. 2). 

3to nBneHne paHee 6bino h3bcctho 
T onbKO j\jin pacnnaBOB okch/job, co/jep- 
ncanjnx menoHHbie MeTannbi (HaTpnn, 
Kannn, nnTnn). ^pyrnMn cnoBaMH, 
3neKTpHHeCKHH TOK M05KCT B03fleHCTB0- 
BaTb Ha MexaHH3M (J)a30Bbix nepexo^OB. 

TaK5Ke 6bino ycTaHOBneHo, hto 
3neKTpHHecKHH tok (b ^aHHOM cnynae 
MeaH^p) M05KCT npOMOTHpOBaTb XHMH- 
necKyio peaKi^mo Menc^y okch^hbim 
pacnnaBOM n OKncnnTenbHbiM ra30M, 
HTO npHBO^HT K nOTCpe nnaBKOCTH 


Ta6jmua 1 


XHMHHeCKHH COCTaB CHHTCTHHeCKHX OKCH/JHblX UIJiaKOB 


No 

ninaKa 

Si0 2 

ai 2 o 3 

Fe 

OKHCJl 

CaO 

Fe 

MeT 

T, °C nnaBneHnn 

1 

24,73 

8,02 

52,20 

14,80 

0,24 

1160 

2 

38,70 

10,38 

35,92 

14,55 

0,20 

1220 

3 

41,44 

10,48 

17,04 

32,37 

0,32 

1250 

4 

46,38 

18,18 

10,15 

25,26 

- 

1120 

5 

44,18 

20,23 

5,73 

29,83 

- 

1200 

6 

42,02 

18,65 

- 

39,25 

- 

1220 

7 

41,10 

14,10 

4,78 

39,50 

- 

1175 

8 

37,70 

13,55 

12,08 

36,80 

- 

1200 

9 

31,40 

16,70 

23,56 

27,45 

- 

1230 



Pnc. 1 . KpHCTannn3ai^nn $a3bi b MencsneKTpo^HOM npocTpaHCTBe 
Ha noBepxHOCTH pacnnaBa no^ BnnnHneM nepeMeHHbix 3neKTpOMarHHTHbix nonen: 
a - rnnaK 7, CBeraoe 6onbinoe iiatho - 6nnK OTpanceHHoro CBeTa, bh^hhi Tpaccbi 
npoxo5K^eHnn 3neKTpnHecKoro TOKa; 6 - rnnaK 9, npocMaTpnBaioTcn KpncTannbi, 
no $opMe npnSnnncaiomHecn k Ky6nHecKon 


Ta6jmua 2 


KoapepeapiMi CHHTeTHnecKHx okciiuibix pacnjiaeoe no/j bjihhhhcm 
nepeMeHHbix ajieKTpoMarHHTHbix nonefi (Mil - $a3a b MeaoneKTpoflHOM 
npocTpaHCTBe, OM - o6ipaa Macca pacnnaBa) 


HoMep rnnaxa h (j)a3a 

Si0 2 

A'A 

Fe 

OKCHfl. OO. 

CaO 

1 (Mn) 

22,78 

13,74 

36,20 

14,17 

1 (OM) 

22,70 

15,07 

35,70 

12,90 

2(Mn) 

35,0 

23,20 

22,27 

11,30 

2 (OM) 

28,64 

33,15 

19,80 

10,20 

7(Mn) 

36,10 

20,60 

3,86 

35,90 

7 (OM) 

37,94 

15,80 

3,62 

37,66 

8(Mn) 

32,76 

20,45 

9,60 

33,60 

8 (OM) 

33,50 

18,03 

9,16 

34,00 

9(Mn) 

30,30 

20,70 

17,30 

25,80 

9 (OM) 

22,96 

36,30 

13,00 

20,80 


Phc. 2. KanenBHan nHXBanHH npH xpHCTannnsaijHH pacnnaBa nuiaKa 6 

npeBpameHHH b pacnnaBe HarnH/jHO #e- 
MOHCTpnpyeT MonexynnpHyio CTpyKTypy 
oxchjjhbix pacnjiaBOB. OTCio/ja cne^yeT, 
hto pacnjiaBbi, KaK h MeTannHnecxHe 

HCH/JXOCTH, HMeiOT 3JieKTpOHHbIH THII 
npOBO^HMOCTH. IIpH C03/jaHHH JIK)6bIX 
TexHHnecKHx pemeHHH h aHajiH3e Bcex 
thiiob MeTajiJiyprnHecKHx h xhmhhcc- 

KHX npOIjeCCOB HeoOxO^HMO HCXO/JHTB 
H3 npH3HaHH5i CTpyKTypbi HeopraHHHec- 
KHX )XH£XOCTCH MOnexynHpHBIMH CTpyX- 
TypaMH. H yHHTbiBaTb pa3HOo6pa3He 
MBJieHHH, npOHCXO^amHX npH B03^eHC- 
TBHH 3JieKTpHHeCKOH 3HeprHH Ha 5XH£- 
KOCTb. 

J\jik 6ojibmeH Haraa^HOCTH nony- 
neHHbix pe3yjibTaTOB jj.x.h., x.(J)-m.h. 
CyneiiMeHOB H.3. nocTaBHji npHMOH h 
Harji^Hbin 3KcnepHMeHT [19] no on- 
pe^ejieHHio MHKpocTpyKTypbi bo/jhbix 
pacTBopoB nenraoxcH^a BaHa/pra. YcTa- 
HOBJieHO, HTO Ha pa3JIHHHBIX 30H^aX H3 
bo/jhbix pacTBopoB neHTaoxcH^a BaHa- 
#hh mohcho oca^HTb rn^porejib cocTaBa 
- 12V 2 0 5 - 480H 2 O. IIpH 3tom cocTaB 

MOJieKyjIBI M05XCT MCHHTBCH B 3aBHCH- 
MOCTH OT (J)aKTOpOB B03,ZjeHCTBHH. Ha 


pacnnaBa h o6pa30BaHHio hobbix (J)a3 b 
TBep^oM coctohhhh. Ha pHcyHKe 3 npH- 
bojjhtch KapTHHa pa3Jio)KeHHn okch^ho- 
ro pacnnaBa b pe3ynBTaTe xhmhhccxoh 
peaxiinn no^ B03^encTBneM nynbcnpy- 
iomero sneKTpnnecKoro Toxa. 

Ynce 3thx /jaHHBix flocTaronHO, 
hto6bi cflenaTB 3axniOHeHHe o hchsmc- 
pnMO 6onBinen cno5XHOCTH npoijeccoB, 
npoHCxo/jnmHX b )xh£xocth, neM 3 to 
bo3mo)kho noncHHTB c tohkh 3peHnn 
cymecTByiomHx TeopHH CTpoeHnn 3nex- 
TponnTOB n Teopnn anexTponHTHnecxoH 
^HCcoi^nai^HH. MaxpoxapTHHa (j)a30BBix 



Pnc. 3. 
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pHcyHKe HH)Ke npnBe^eH o6pa3eii Taxo- 
ro rn^porenn (pnc. 3). 

BbiBonbi: 

1. noxa3aHa aOcomoTHan Henpn- 
to^hoctb cyn^ecTByiomnx TeopeTnnec- 
xnx B3rnn^0B Ha npoi^eccBi (j)opMHpo- 
BaHnn MnxpocTpyxTypBi snexTponnTOB 
n Ha 3nexTponpOBO^HOCTB hch/jxhx xn- 
Mnnecxnx chctcm ^nn HHTepnpeTaipiH 
npaxTnnecxnx cbohctb 3thx chctcm. 

2. noxa3aHa He^ocTaronHOCTB cob- 
peMeHHBix HaynHBix 3HaHHH o npnpo^e 
xHMnnecxon peaxijHH. 

3. noxa3aHO, hto cymecTByiomHe 
Teopnn anexTponpOBo/jHOCTH 5 xh#xoc- 
th Tonbxo b He6onBinon Mepe oTBena- 
K)T peannnM n (JjaxTnnecxn T0pM03HT 
BHeApeHne HayxoeMxnx TexHonornn b 
M eTannyprnnecxoe n xnMnnecxoe npo- 

H3BO/JCTBO. 

4. noxa3aHO, hto snexTponnTnnec- 
xan ^nccoi^Hai^nn HBnneTCH pe3ynBTaroM 
B03^encTBnn snexTpnnecxon 3Heprnn Ha 
CTpyxTypy xoH^eHcnpoBaHHBix chctcm 
(b nacTHOCTn HeopraHnnecxnx 5 xh#xoc- 
Ten), T.e. 3 to h ecTb 3neKTpojiH3. 
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INTERNATIONAL UNION 

OF COMMERCE AND INDUSTRY 


International Union of Commerce and Industry ( London , UK) - a union of commercial 
enterprises , businessmen, scientists, public figures and politicians from different countries. 
The union combines the social and commercial elements of 
functioning. 


■ Promotion of international consolidation and cooperation of 
business structures; 

■ Promotion of development of commercial businesses of various 
kinds; 


■ Assistance in settlement of relations and questions of 
businessmen with each other and with social partners in 
business environment; 

■ Assistance in development of optimal industrial, 
financial, commercial and scientific policies in 
different countries; 



■ Promotion of favorable conditions for business in 
various countries; 


■ Assistance in every kind of development of all types of 
commercial, scientific and technical ties of businessmen of 
different countries with foreign colleagues; 



■ Promotion of international trade turnover widening; 

■ Initiation and development of scientific researches, which 
support the effective development of businesses and satisfy 
the economic needs of the society; 






■ Expert evaluation of activities in the field of settlement of 
commercial disputes, establishment of quality standards and 
defining of factual qualitative parameters of goods and services; 


■ Legal and consulting promotion of business; 


■ Establishment and development of activities of the international commercial arbitration; 

■ Exhibition activities; 

■ Holding of business and economic forums. 
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GISAP Championships and Conferences 
September - December 2013 


Branch of science 

Dates 

Stage 

Event name 

SEPTEMBER 

Pedagogical Sciences 

26.09-01.10 

III 

Forming and qualitative development of modern educational systems 

Economics, Law and 
Management 

26.09-01.10 

III 

The state, corporation and individual: correlation of rights, economic 
interests and ways of their realization 

OCTOBER 

Culturology, sports and art 
history 

10.10-15.10 

III 

Place of the cultural heritage, art and conception thinking in the modern 
information-oriented society 

Historical and philosophical 
sciences 

10.10-15.10 

III 

Yesterday-today-tomorrow: historical and philosophical comprehension 
as the basis of the scientific world view 

Biological, veterinary and 
agricultural sciences 

24.10-29.10 

III 

Issues of conservation and reproduction of the consumed biological 
resources 

Medicine and pharmaceutics 

24.10-29.10 

III 

Medical and pharmacological resources and a healthy life-style as 
means of the quality and length of human life increasing 

NOVEMBER 

Philological Sciences 

07.11-12.11 

III 

Language means of preservation and development of cultural values 

Psychological Sciences 

07.11-12.11 

III 

Development of modern psychology in a conditions of a permanent 
social crisis 

Sociological, Political and 
Military Sciences 

21.11-26.11 

III 

The necessity, admissibility and adequacy of measures for overcoming 
socio-political crises of modern society 

DECEMBER 

Technical sciences, Construction, 
Architecture 

05.12-10.12 

III 

The development of technical sciences, building sciences and 
architecture in the context of the needs of society alteration 

Earth and Space Sciences 

19.12-24.12 

III 

A particular case in conditions of limitlessness: Earth in the vast 
Universe 

Physics, Mathematics, Chemistry 

19.12-24.12 

III 

From the lever to the Higgs boson: dynamics of development and 
actual issues of Physics, Mathematics and Chemistry 
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